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We^ N. V. Philip's Gloeilampen- 
FABMBrai, a limited Hability Company, 
organized and estabtished under the laws of 
the Kingdom of die Netherlands, of Emma- 
angel 29, Eindhoven, Holland, do hereby 
declare the invention, for which we pray 

iSflL^^^^t-ffy. ^ ns* and the 

method bv which it is to be performed, to be 
particularly described in and by the follow- 
mg statement:— 

Steroids which differ from one another 
^th respect to the nature and posztion of 
tttc substiaients attached to the various car- 
bon atoms of the cyclopentaxKmerhydrophe»- 
anthr«ie skeleton are known m 1^ num. 
bcrs. Many of these compounds have become 
known by their interestmg pharmocological 
properties. Mention may, for example, be 
made of steroids having hormonal activity, 
2U tor example steroids from the oestrone, andro- 
stane and pregnane series. The hoimones of 
the first-mentioned series have a steroid 
skeleton with an aromatised A and/or B 

nnff> a hydroxy group in the 3-position and a 
55JO-,2r nydroxy group in the 17-position. 

i ,i""P converted into a 

i7-liydroxy.l7-cthinyiide. As a rule, die hor- 
mones of Uiis senes influence, specifically 
female functions of mammals. The hormone 
30 from the androstane series have no aromat- 
ized nngs in the steroid skeleton, but diey 
nave a keto- or a hydroxyl group in die 3- 
poaition, frequendy a double bond between 
the carbon atoms 4 and 5 or 5 and 6 and 
as a rule a hydroxy- or a keto gtoup in the 
l7-position. Furdiermore these compounds 
il^ii ^t^^ Sroup in die positions 10 and 
IX The hormones from this series as a rule 
An r'L* influence on specifically male 

W functions of mammals. The hormones from 

%rP'^.S?!Jfr. ^"^^ ^ve a group 

-<»-CH3, or -CHOH~CH3, and iij 
some case a hydroxy group also in die 17- 
45 positwrn of the steroid skekton, furdiermore 
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frequendy a keto- or hydroxy group in die 
rTuu lJ!^/u°' " «^ in^e^caS 

^ana 3. A mediyl group is always attached 
to die carbon atcttns l6 ami 13. Mawrf 
tuese compounds have die proocrtv of uta- 
W *c life of a test 

Of dus ammal has been removed 
A pecuhar place is taken by die^lS 

t ^T-r"" ^? ™g A ami an acetyl gtoup 
in die 17-position. This compound aEo u 
substituted by a mediyl group on die ^bcm 
atoms 10 and 13 Progestero^ is a h^Z 

«r^;/n^ ^ ^ """^^ ^ odier 

stooid-Uke compounds having differing pro- 
pmies have been syndietized. Exampl4 ^e: 
16 - (. . aminoalkyl) . 4 - pregnene - 3 - 65 

compoimds inhibit die activity of progester- 
^ \J^^' Specffication 2,79^15). 
and hljJS?^ " dcsoxycorticosterone 
ana liydrw compounds acylated in die 21- 70 
positum. These compounds arc stated to have 
anaestiheti^ ocsttogem'c, testoid, foDiculoid 
ifewi) ^'"^^ Specification 

» - flnoro- 4 - prt^Dcnc - 11/J, 
17^1 - trihjplroxy - ^ao - di^to - 21 - 
ternary butylacetate. As compared widi 
hydrocortisone acetate diis ester has a high 
gBtemic md smms^y local activity (U.& 
Patent Specification 2,736^681). 

u A^"^ ' " - U - keto - or 11 . 

hydroxy 17«, 21, - dihydroxypregna - 
diene - 21 - »tiary butylacetate and9 - 
fluOTc-dcnvanves dieieof are stated to have 
corusone acuvity but differ from cortisone 

Srif i^'^^^.^'^.^i,'^ retention (U.S. 
P&t<mt Specrficatioa 2,736,734), 16a-hydroxy- 

iJ^^'^r^^ ^ ^ W halogen 'derivi- 
tives diereof These compounds are stated 
to be useful for combating inflammatory 90 
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phenomena, ardiritu^ asthma, and bursitis 
(U.S. Patent Specification 2,789,118). 
L4^9)^i;iQ diketo - 11,17 - dihydrosy - 
21 - Keto or 21 - bydcoz^zegnadknes axe 
stated to have properties related to those of 
cortisone but fewer side effects and in par- 
ticular a smaller sodium or water reteitfion 
(U.S. Patent Specification 2,808^415). 

In all the above-mentioned compounds, 
a methyl group is present m the 10- and 
13-po8itions of die steroid skeleton, with the 
ezcepdon of the compo unds related to 
xme^ whi^ have no l(Vmethyi group. 
Steroid-like compounds having interesting 
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ological activity have also been pre- 
hicQ, similarly to oestrone, lad: a 



pared wj 

methyl group in the lO-poatum (so-called 
19^Qr-compound8). Of theise compounds we 
mention: 9»-halogen-lli9; I7^Hiihydroxy» 
20 17a . methyl • 19 - norandrostane * 3 - 
ones. These compounds are stated to have 
strong anabolic and androgenic properties. 
(U.S. Patent Specification 2,806^863). It is 
stated diat 19^rH:estosterones acylaled in 
25 the 17-position have a si mflar activity (U.S. 
Patent Spedficatioa 2,798,879). 

It is dso known that the activi^ of 19- 
nor-andnratanolone is several times higher 
thm that of progestercme, and that esters of 
30 19-iiar-andro8tanQ!one and lower aliphatic 
carboQ^lic adds have smaller androgenic pro- 
perties than, for example, testoterone, how- 
ever, they have retained a considerable part 
^ of die anabolic activity of the androgenic 
35 hormones (U.S. Patent Spectfikatioii 
2,756^2^ Althougb, as will be seen &Qm the 
above, mai^ sceroid-4ike compounds are 
known which have diher a methyl group in 
' die M^^postion or no methyl group m diis 
^ positioB of the steroid skeleton, no attenr 
tion was pmd to the Influence of die or 
/^-configuration of the lO^oethyl group upon 
die phannaoological properties of sterdds. In 
thtt cnmiecrinn, it smnild be noted diat in all 
45 die above-mentioned lO-medqA com|)ounds 
the methyl groi^ is in i^-canfiguration. A 
considerable number of other steroid-liks 
compounds ate also known in wfaidi die 10- 
methyl group has an >confi^[uradon, ])ow- 
50 ever, no pbarmaootegical activiQr is described 
for any of these cosipoands. The above 
^ ifically relates to compounds described in 
oumal of the Oiemical Sodetf 1955, pages 
2176 to 2\S% Berichte 69, page 1123 (1936) 
55 and Journal of the Chemiral Society 193^ 
page 869. AH these known 10(a]^methyl 
steroids have a hydrocarbon radical contain- 
ing 8 or 9 carbm atoms which are identical 
to those of cholesterol or agosterol, rcspeo- 
60 dvely, m the 17-position of the steroid 
skeleton. 

Tliis invention relates to certain novel 
steroid compounds and methods of preparing 
the same. According to the nresent mvention, 
65 diere is provided a. class of new compounds 



70 



75 



80 



85 



90 



95 



^^lich compounds have die general formula 

A shown in the aooompasymg drawings, m 

which fozmola: — 
Ri represents hydrogen or a methyl groups 
Re represents one or more double bonds at 

one or more of positions 1, 2, 3, 4> 5, 6^ 

15 and 16^ or represents no double bonds 

(i^ that t^ ring system is saturated), 
R, rei»esen£s h^rogen, a methyl or ethjd 

group, or a h ydrozy or edierified or esterffied 

hydroxy group, 
R4 represents a keto group or a hydroxy 

or ethenfied or esterified hydroxy group, 
R3 represents hydrogen or a liatogen atom, 
R« represents hydrogen, a meth^ group, a 

halogen atom, or a hydroxy or ethenfied or 

esterified hydroxy group, 
Rf represents hydrogen or a halogen atom, 
Rg represents hydrogen or a hydroxy group 

or keto group, 

Rf represents hydrogen or a saturated or 
unsaturated hydrocarbon radical containing 
from 1 to 6 carbon atoms or such radical in 
which one or more hydrogen atoms are re- 
placed by one or more hy&oigr or etheiified 
or esterified hydroxy groups and/or by 
double-bonded oxygen atoms, 

Ric retnesents hydrogen or a hydroxy or 
edierifiea or esterified hydroxy group, R« 
and being not bodi hydrogen, 

or R« ana Rio together represent a keto 
groups that is to say, an ax3^gesi atom con- 
nected by a double bond to the IT-carbon 
atom in the niiclais» 

and Rit represents hydrogen or a hydroxy 
or etherified or esterified hydroxy group. 

In these compounds, the methyl ^oup at 
die 10-position has die apconfignrasion, and 
is so represented in the drawings by the bond 
joining it to die steroid nudens being m dash- 105 
line. This configuration is the same as in di- 
hydnuso-lumisteton^ a known compound 
rdated to lundsterol obtamaUe by ultra- 
viokt Irradiation of ergosterol and a con- 
venient and preferred startmg material ftom 110 
which to prepare compounds according to the 
present spedncation. In the majority cl natnr- 
ally-occurrtng steroid compounds, a lO* 
methyl group has the opposite^ or jS^oonfignra- 
tion. Tne configuration of the hjFdixffien atom 115 
(or odier substituent Rr) at the position 
is the same as in dihydrodso-lumisterone. The 
absolute configuration at this position is not 
certain; it is now believed to be although 
formerly thou^t to be 3. The configuration 120 
at the 9^position is dierefore shown in the 
drawings as being fi. Our Specification No. 
12026^9 (Serial No. 929,272) relates to 
compounds having a configuration at the 9^ 
position qj^o^ to dihydroiso-lumisterone; 125 
these compound^ having the same 9-coii* 
figuration as pyrocalciferol (Lc, «-com- 
pounds) may be designated as of the pyro- 
series, as opposed to the lomi-series compris* 
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mg compounds according to the present in- 
vention. 

The configuration at other positions in 
compounds derived eventually from luaii- 

5 sterol is not in all cases certain; in respea 
of positions 8, 13 and 14 it is believed to be 
8ft 13 A 14a: compounds according to the 
(iresent invention have the same configura- 
tions at these positions as dihydrois<^-lumi- 

10 sterone. The configurations at other positions, 
unless explicitly specified otherwise, may be 
« or ^. In thwe respects, the configurations 
arc not significant, the most essential con- 
figurational features in compounds according 

15 to the parent application and the present 
invention being the 10 x-methyl group with 
a ^-configuration of any hydrogen atom or 
substituent R, at the 9-position. 

The accompanying drawings include a rc- 
20 presentation of a residue desisruted X— 
which IS identical with Formula A with 
and Rio being replaced by two bonds con- 
necting two monovalent or one bivalent 
fonctional group or groups to the residue 
25 A=», i.e. at the 17-position of the steroid 
nucleus. Hereinafter, the formulae of com- 
pounds will be described with reference to 
the residue Jf=, in which substitucnta 
to R, and Rn arc as defined abov^ unless 
otherwise defined in a more limited sense. 
It will be understood^ moreover, that the 
definitions of the said substituents auto- 
matically preclude certain combinations; for 
cxampl^ a keto group at positions 3 will 
35 predode an immediately-adjacent double 
bond (lA at 2- or 3- respectivelv), while 
always, doable bonds in both of two immc- 
diately-adjaGent positions are precluded. 
When a A" doable bond is present, then R, 
40 or Rio in Formula A is eliminated, and residue 
X becomes mcmovalent at the 17-position. 



Particularly useful compounds comprise 
those in which, in the residue X=, R„ R^, 
^> R «j Rr» and Rn represent hydrogen, Rj 

45 represents no double bonds or one or more 
double bonds at one or more of positions 1, 
3, 4, 5 and/or 6, R, is a kcio group or a 
hydroxy or etherified or csterificd hydroxy 
group, and R^ is hydrogen or a keto or 

50 hydroxy group. Another advantageous class 
of^mpounds is that in ^^ch, in the residue 
X—, and one or more of the substituents 
Ra, R« and R, consist of fluorine or chlorine 
atoms* Ftefened arrangements of double 

55 bo nds in the residue K— comoriss the com- 
pletely saturated nudear structure (i.e. It 
represents no double bonds); one double 
bond at position 4; two double bends at 
positions 1 and 4, or 4 and 6, or 3 and 

60 5; thcee double bonds at oosldons 1, 4 
and 6 or 1, 3 and 5. When a double bond 
ia pxesent at position 3, R^ preferably le- 
presents an eoierified or estenfied hydroxy 
groap. With the other preferred double 



bond arrangements mentioned, R^ may most " 65 
usefully be a keto group, or (espedally when 
represents one double bond at position 4), 
a hydroxy group. Any hydroxy groups prcseat 
may be etherified with a lower aliphatS^ alco- 
hol (i.c. 1 to 6 carbon atoms) or mixed all- 70 
phatic-aromatic alcohol, for example, meth- 
anol, ethanol, propanol, isopropanol, butanol, 
or benzyl alcohol Altemativdy, said hydroxy 
groups may be esterified with a saturated or 
unsaturated, mono- , or dW)asic, aliphatic or 75 
aromatic carbmcylic acid, for examoic, ali- 
phatic carboxylic acids with 1 to 10 C-atoms, 
preferably 5 to 8 C-atoms and particularly, 
pentane carboxylic add. Desired arrange- 
ments of double bonds or other substituents 80 
m the nudeus mav be obtained in various 
manners described herein or otherwise known 
with reference to the prcoaration of other 
steroid compounds. The ensuing description 
IS more particularly concerned with processes 85 
for procuring a desired C"-side-chain. 

The accompanying drawings further com- 
prise a schematic diagram of a reacdon 
scheme described in full herein, for degra- 
dation of the C-17 side chain, as well as ccr- 90 
tain individual structural formula. In certain 
cases w^en the radical X= contains one 
hydrogen atom at the 17-position (i.e., R, or 
Ria represents hydrogen), then such hydrogen 
atom may be not shown, but the radical 95 
shown as monovalent. 

Reference hcrehi particularly in the daims 
to the residue K having resultantly the same 
substituents and double bond structure in a 
starting material for any particular reaction 100 
step, as in the product obtained thereby, 
denotes that substituents and structure in the 
starting material dther are the same as in 
the produa being unchanged during the 
reacuonal or arc such that alterations pro- 105 
duced therein during the reaction give the 
substituents and structure desired in the pro- 
duct as defined; for example, as is men- 
uoned in rdevant parts of the ensuing des- 
cription, a reduction operation performed 110 
on the 17-side chain may involve dimina- 
tion of double bonds and/or reduction of 
a keto group to a hydroxy group particu- 
larly at position 4; or an oxidation reaction 
may involve also oxidation of a. hydroxy to 115 
a keto group and may require protection for 
certam double bonds. 

Our Specifications 636/63, 637/63, 638/63 
and 639/63 (Serial Nos. 929,276, 929,277, 
929,278 and 929,279) describe Ind SamL 120 
respccrivdy compounds of formulse C and 
D; compounds of formulae F and G; com- 
pomids of formulflc J and M; and compounds 
or formulate Zu and Z:^ induding compounds 
of foimulflB R and P, and in each case the 125 
preparation of said compounds, all of which 
arc further described hereinafter with refer- 
ence to the reaction scheme aforesaid. 
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It has been found that dicse compounds 
bave no androgenic and iio oestzogenk 
activity and that the absence of ^lese two 
properties increases the selective activity of 
5 the compounds. 

Furtfaennore, the invention relates to com- 
pounds whidi may serve as intennsdiate pto- 
ducQ for preparing the above-mentioned 
compounds. 

10 An important subgroup of the compounds 
in aooonunce wfth the invention comprises 
compounds accoiding to the abovenoientioned 
formula, in ivfaicfa R,, Rg, R^, and 
Rii are hydrogen atoms^ Rs is a single bond 

15 or is a double-bond at at least one of the 
positions 1, 3, 4> 5^ and 6» R« is a keto or 
hydroxy group or an ethenfied or esterified 
hydroxy group, R, is a hydro|;en atom, a 
keto- or hy<&ozy group, Ro is a methyl, 

20 ethinyl, ethylidene, ethy^ acetyl, hydraxy- 
lated acetyl group or a hydroxylated ac^l 
group the hydroxy! group of wmch is esten- 
ned or edienfied, and 'Rio is a hvdroxy group 
which may be esterified or etqerified or a 

25 hydrogen atom, or R« and iRu togedier fonn 
a keto group. 

The compounds of the following list coor- 
tain the expression **lumi-'*. This indicates 
that the coimguration of die lO-methvl group 
30 Is identical to that of lumisteroL Furthermore, 
it can be assumed that the structure of the 
fllEelefiott of these lumi-steroids ** is equal to 
that of lumistanoL However, there is no cer- 
tainty on this point 

35 A*^ - lumi - pregnadien - 17% - ol - 3,20 - 
dione 

6} - lumi - allopregnen - lla - ol - 3,20 - 
dione 

A'-* - lumi - pregnadiene - HA 17x, 21 - 
40 trid 3,20 - dione 

A*-* - da (or )8) - hma - methyl - pregna - 
dieusllA 17a, 21-triole-3,2Gklion 

A^ - l-7a - methyl - lumi - androsten * 
17|3-ol-3-one 

45 A" . 9)9 . fluoro - 11)9, 1^*^ 17a, 21 - 
tetra - hydroxy - Imni - pregnadkne - 3,20 - 
dione 

A" - 9)8 . fluoro - HA 17ts 21 - tri - 
hydraxy-lumi-pregnadiene-3,2IKdione 
50 A^ . 6x - mediyl - 11)9, 17«, 21 - tri - 
hydroxy-lumi-^regnadiene-3,20-dione 
2»metfa3^-lumi4e8toscerone 
2a - mediyl - A^ . ^ - flnoro •> HA 17^ 
21 - trihydroxy - lund - pregnene - 3,20 - 
55 dione 

2ae-fflethyldihydro-lumi>testo8terone 

2a - methyl - A* - lift 17«, 21 - tri - 
hydroxy-4umi-pregnen&-3,20^ne 

2j9-hydroxy-4umi-testosterone 
60 3a - hydroxy - ll;20 - dioxo * lumi - 
pregnane-i-hemisucdnate 

4-methyl-4umi-testosterone 

A^ - lumi - pregnen •* 3)9 - ol • 20 - one 

4-cfalQro-iumMe8to8terone 



. 4-4ndroxy-lumi-proge8terone 
4*aloro-lumi-progesterone 
6)9 - hydroxy - 17a - methyl - lumi 
testosterone 

I7fi • dihydroxy - lumi - androstan 
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6a, and i94nor-4umiprogesterone 

69^ and - flnor - 17a - aoetoxy - lumi 

progestenme 
&, and i9-metfaylJumi^ux)gesteione 
6^ and )^^nethyl4nmitesroster<me 
6aj and )9 - meagi - 17s - ediinyl - lumi 

testosterone 

6(1^ and )9 . 21 - dimediyl - 17x - ethinyl 
lumiteatosterone 

6s and A I7a - dimethyl - lumitesto 
stetone 

6^ and A I7a - ^hnethyl - 19 - nor - 
lumitestDsterone 

da, and /9 - methyl - 11a - hydroxy - lumi - 
progesterone 

and P - methyl - hydro - lund - 
cortisone 

A'-dehydro-huniprogesterope 

9P - flnor - HA 17a, 21 - trihydroxy - 
A^-lumi-prcgnaie^3,29-dfQne 

9fi - fluoro - HA 16a 17s 21 - tetra • 
hydroxy - A* - lunu - pregnene - 3,20 - dione 

9fi - fluoro - 17)9 - hydroxy - I7a - 
methyl - A* - lumi - androstene - 3,11 - dione 

ll/^hydroxy-lnm^urogesterone 

11/3-hydroxy-lunutestosterone 

HA 17a, 21 - ttihydroxy - A' - lumi - 
pregnene-3,20-dione 

17a, 21 * dihydroxy - A^ - lumi - preg • 
nene-3,ll,20-tcione 

A' - lumi - androstene - 3A 16x (and 0) - 
did 

16a-hydrox7-lumitestosterone 
17s - methyl * A^ * lumi - androstene - 
3A 17)9Hliol 
17a*mechyl»lumitestosterone 
17«-edunyl4uniifie8tt)sterone 



70 



75 



. 80 



85 



90 



95 



100 



105 



110 



115 



17a-ethyl-limutestoscerone 
17a4iydro!xy-lunuprogesteroiie 
17s 21-dihydraxy^lumiprogesterone 
17a - medijfl - 21 - hydrcny - lumi - 
progesterone 
AMumi-androstene-3,17-diane 
21-hydn)xy-lumip r ogest e rone 

The absdnte configuration of the hsrdro- 
gen atoms on the carbon atom 9 of these 
compounds was formexly assumed diet in 
the compounds derived from, lunusterd the 
hydrogen atom on the carbon atom 9 occupies 120 
the o-posidon (Fleser and Fieser, Natural 
inodoct^ related to Fhenanthroi^ third edi- 
tion, 1949, page 173 sqq). More recem in- 
vesdgadmis (Castells^ ftoc. of the Okul Soc. 
1958, 7), hav^ however, led to an opposite 125 
conclusion which is adopted in this spedfi- 
cation. 

As has been mentioned hereinbefore, the 



compounds m accordance witii the invention 
• . °^^a°<iw>g«nic and no ocstrogcnic 
activity. These two properties combined with 
the specific activity of each substance affect 
mehly positively the selective activity of the 
substances. For this reason, the invention is 
of particular importance for applicadons in 
which the androgenic and/or oestrogenic 
aaivities are considered as undesirable side 
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A group of the compounds in accordance 
wtth the invention comprises substances 
which arc progestadonally active. It is very 
remarkable that these compounds produce 
15 their effects not only on injection but also 
with oral appUcation. As a further peculiarity 
It can be mentioned that this group of sub- 
stances does not show antiH)estroffenic 
activity. 

This group of substances comrrises com- 
pounds having die general fom:i!!a A where 
'^i* ^ Rjw R« R,, Ra and R„ arc all hydro- 
^S?* * ^10 group, a hydroxy- or an 
cthwifi^ <tt estmfied hydroxy group, R, is a 
" ^ 4-position or two double- 
brads at tte 4- and 6-positions or two double- 
bonds at the 3- and S-positions, in which latter 
cvaii «^ represents an etherified or esteri- 
ficd hydKoy group, R, is a hydrogen atom, 
a saturated or unsaturated alkyl group con- 
taining from 1 to 3 carbon atoms which may 
oratam a double-bond oxygen atom and/or a 
hydroxy- or an etherified or esterified hydroxy 
XK « «it is a hydrogen atom (however, 

J3 Ko and R|« cannot both be hydrogen atoms) 
or a hydroxy group or an etherified or esteri- 
fied hydroxy group, or K, and R|„ together 
Rvm a keto group. 

particular, this ^oap of substances 
40 mdudes a class fox which R„ R, and R.^ 
have the meaning given in the preceding 
paramph and is a hydrogen atom or a 

;:;£f^ -CO-CHOH group, in which 
45 wttjcr group die hydroxy group may be edieri- 
ficd or esterifiedj however, R, and Ri, to- 
gethtt can be a keto group but cannot both 
be hydrogen atoms. Examples of these com- 
CA Si?^,ff*^5i^^ formula VHI, 

^ O^wT^^' ^» XDC, XX, XXl^ 

XXXVi XXXVn, XXXVin. it should be 
noted that the progestational activity of the 
above-mentioned compound, when these con- 
tam a — CO— CH3 group and a hydroxy 
group, both on the carbon atom 17, is lower 
compared with the corresponding compounds 
of which die 17-hydroxy group is esterified. 

Of die ether groups, we may mention the 
ethers of lower aliphatic alcohols, or of ali- 
phatic aromatic alcohols, for cxamolc, meth- 
anol, cthanol, propylalcohol, buianol or ben- 
zyl alcohol 

Examples of the ester groups are given in 
the Examples 7, 10, 20 and 23. 



55 



60 



85 



65 



9 29J71 

It has also been found thafc compounds 
^viM ^ genera: formula A wherein R„ 
R».Rm Ro, Rjj R& and R„ are all hydrogen, 
K« IS ateto group, a hydroxy or an etherified 
or estenfied hydroxy group, R, is a double- 70 
oond at the imposition or two double-bonds 
at the 4- and ^^wsitions or two double-bonds 
B . 5-positions, in which latter 
event R« IS an esterified or etherified hydroxy 
ffoup, and Ro is a l»to group or a hydroxy 75 
group of an etherified or an esterified hydroxy 
goup I^j is hydrogen, produce an ana- 
bohc effect m addition to a non-androgcnic, . 
non-ocstrogemc^ non-anti-oestrogenrc and a 
progestational activity. gQ 

Of the ether group, we may mention ihe 
cihera of lower aliphatic alcohols or of ali- 
phatic-aromaoc alcohols, for example meth- 
anol, eihanol, propyl alcohol, butanol or 
iKn^l alcohoL 

.groups examples are men- 
uon«l m Examples 7, 10, 20 and 23. 

The various biological effects were deter- 
mined m the following test experiments 

LJlndrogw 

rhesc effects are measured by determining 
the weight of die seminal vesicle, the weight 
of the ventral prostate both in mfantfle md 
m castrated male rats which may have been 
P^^cat€a widi an androgenic substance 95 

Z. Oestrogenic and anti-oestrogenic activi- 
ties, pcse^ects are measured bv determin- 
ing the wcj^ of the uterus of infantile and 
sprayed female rats by means of the vaginal 
smc^ of adult female rats and the va^ loO 
aperture of infantile female rate, which ^ 
have been treated widi an oestrogenic sub- 
stance. * 

3. Progestational activity. This effea is 
determined after subcutaneous intramuscular 105 
or oral administration to infantile female rab- 
bits having a weight of from 600 to 800 
ps with re^t to die uterus and according 

to the technique of Qauberg. 

4. Anabolic Aaivity. This effect is deter- 110 

mmed by die effect m the renotropic test 

(weight increase of die kidney) in castrated 

adult male mice. This is done since we think 

that the muscuius levator ani test depends 

upon die sex, diai is to say, diat the muscu- 115 

lus levator am wiU not increase its weight if 

there is no male acdvity, and diis property is 

not present in the compounds in accordance 
with the mvention. 

5. Anri-ovuladon activity. This effect has 120 
been measured on adult female rats whidi, 
after apphcation of die substance and dur- 

mg dus application, were brought into con- 
tact with male partnera during two sexual 
qrdcs, after which the occurrence of fertili- 125 
zation IS ascertained a fortnight after the re- 
moval of the male partners. 

6. Anti-inflammatory activity. This effect 
was measured by arranging pledgets sub- 
cutaneoualy in aduk male rats with die result 130 
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tiifl*- tbidr bodies tcact with, mflammatsory 
effecL By the action at semal substances 
(hydxocordsone) this inflanmuitory ^ect is 
j^Kfwtfiflr^- The soflammatory enect msn- 

5 turned ia this applicatton is intensification of 
tiie notmafly occurring inflammatory effect 

Tbe properties of a number of compounds 
in accordance with the invention are sum- 
med up hereinafter. 

10 Tlie lummrogesterooe (Fonmila .Vm) has 
no androgenic or oestrogenic activities. It is 
orally progestational and not anti-Hsestrogenic. 
Ia this connecdon, it should be noted that 
progesterone is ' androgenic and not orally 

15 active and that the progestational effect is five 
ritnwi weaker than i^t of lumiprogesterone. 
In addition, lumiprogesterone has a strongly 
inhibiting c£ea upon the ovuladon, and pro* 
gesterope lacks this property. 

20 The AMehvdco-lumiprogesteronc. (For- 
mula XXVn) 18 parentally, progestadonally 
acdvc m a degree whidj is 5 to 4 times 
stronger t^^i n that of lumiprogesterone. The 
orally progestational activity of A6-dchydro- 

25 lumiprogesterone is at least 2C.rimes stronger 
than that of a lumi-progestcrone. The AS-de- 
hydro-progesterone has no androgenic and no 
oestrogenic activity, nor is it anti-oc3tro|cnic- 
ally active. In addition, the compound is not 

30 anabolically active and has a stronger ana- 
ovulation activity dian lumiprogesterone. 

The A6-dehydro4uinitcstosterone. (For- 
mula XX) has no androgenic and no oestro- 
genic activity. It is orally prog^ttUonaUy 

35 active and non anti-oesuogemc. The airti- 
androgenic activity of this compound and its 
capaaty to produce an anabolic effect arc 

highly mtcresting. 

The 17a-etihinyl-lumittstosterone (For- 
mula XXn) has no androgenic and no o«trcH 
genie activity. It is orally progestationaUy 
active and not anti-oestrogenidlly active- The 
progestational acdvi^ exceeds chat of pro- 
gesterone. , trtrr\ 

The lumi-androstenedione formula XVI) 
is not androgenically and not oestrogenically 
active. Neidicr is it anti-oestrogcnically acuvc. 
The compound shows an orally ^ogestational 
activity and has no anabolic aca^-^ , 
50 llie lumitestosterone (Formula XVuI) does 
not resemble the corresponding testosterone 
from the lOP-series with respect to its pn>- 
perdes. It has no androgenic activity and is 
not active oestrogenically. It is orally acave 
55 progestationaUy and not anti-oestrogcmcaUy. 
Furdiermore, it has an anabolic elect. 

The 17-aoetate of ITarhydroxy-lumipro- 
gesterone (Fannila XXXV) is not active 
androgenically nor oestrogenically. The pro- 
50 gestational activity of this compound is 25 to 
30 times that of lumiprogesterone. It is oraUy 
active and has a prolonged effect compared 
widi progesterone. The compound has no 
anti-oestcogcnic activiw. 
55 The 17-caproate of 17*4iydroxy-lumipro- 



gestenme (Formula XXXVQ has no andro- 
genic and no oestrogenic activities* The com- 
pound is progestationaUy active and this 
activi^ ia twice that of lumiprogesterone. 
The cosipound is orally active and has a 
highly prolonged activity which exceeds that 
of die n-acetate. The compound has no and- 
oestro^nic activity* 

The 3,17-di-acetace of 17x-hydroxy-lumi- 
progestexone CPormnla XXXlV) (3,17 dl- 
acetoxy A*** lumipregoadiene) has no andro- 
genic and no oestrogenic activities. Its pro- 
gestational activity is many times greater than 
t>hat of lumiprogesterone. This activity is 
about equal to that of die 17-mOQoaoetate of 
the 173^yd£0(sy-lumiprogesterone. It is also 
oraUy active and has a prolonged activity 
exceeding that of the mono-acetate. Further- 
more^ it is not active antiroestrogenicaUy. 

The 17-acettte of A6-d€hvdto-17a-hydroxy- 
lumi-progesterone (Ponnnla X££Vill) _ has 
no androgenic and no oestrogenic activities. 
Its progestational activi^ is many times that 
of Ad-dehydra4um^roge8terone. It is oraUy 
active and its activity is prolonged as com- 
pared with diat of progesterone. Furthermore^ 
It has no anti-oestrogenic activitv. 

The lumi-androst-4-ene-3,17jMiol (For- 
mula XVII) has no androgenic and no oestro- 
genic activities. It is ordly progestaticmaUy 
active and has no anti-oestrogenic activity* 
Furthermore, it has an anabolic effect. 

The ]nini-testtisterone-17/3-(^phenylpro- 
pionate) (Formula XES^ has no androgenic 
and no oestrogenic activity. Furthermore;, it is 
oraUy progestationaUy active and has^ no- 
anti-oesixogenic propert i es* It is anabdicaUy 
active and shows an anti-androgenic effect. 

The A6-dehydro-!umitestosterone-17iS-pro- 
pionate (Fonmua XXI) has no androgenic 
and no oestrogenic activity. It is orally pro- 
gestationaUy active and has no antiroestro- 
genic activity. Furthermore, it has an anabolic 
activity and produces an anti-androgenic 
effect. 

The lumi-desoa^oorticosterone-ll-acetate 
(Formula XI) has no androgenic and no 
oestrogenic activities. It is orally progesta- 
tionaUy active and shows no anti-oestrogenic 
effect. In addition, it produces an innam- 
matoty effect in die anti-inflammatory tesL 
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Methods of Prepabing the Comp 

AOOOEDINO TO THE INVENTION 

The active compounds of the medicin e s 
according to the invention and furthermore 
the compounds in accordance with the inven- 
tion and their intermediate products can be 
prepared according to methods which, in 
general, are known for preparinz die corre- 
sponding lOiS-methyl steroids. One of the 125 
cufficult&s met with in dits synthesis is die 
introduction of the lOx-mediyl group, since 
hitherto diere is no suitable method of con- 
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vcrting^a lO^^metfi^^ group imo a iOx-mcthyl 
goup for any compound of the steroid series. 
Hence, in orjer to prepare the compounds m 

invention, preferably use 
5 18 made of starting products m which the 
ICMnethyl coi^guration is already preset 
Known steroids having a ICx-meihyl group- 
ing are, for caunpki lumisterole and Jumi- 
sterolj. (These compounds arc produced by 
10 ultraviolet irradiation of ergisterol and 7- 
dehydroduslestero], respectively). 

The said lumi-stcroids are very suitable 
starting materials for the preparation of the 
compwmda in accordance with the invention. 

Obvioudy, thoc are other possibilities of 
prep aring lumisteroids which are suitable for 
preparing compounds in accordance wii the 
mventicm. The lumi-structurc may be intro- 
duced in the presence of other side chains 
than the chains mentioned with resoect to 
the c»b0n atom 17, by irradiation of a5,7 
similar compounds. 

Qm may start from compounds in which 
the side chain is a hydroxy group or from 
compounds in which the side (±ain represents 
that of sapogenins, for example diosgenm. 

The compounds in accordance with the 
invention may be prepared by methods which 
are known ^ for the preparation of ana- 
30 logous compounds, providad mat as the start- 
ing product a compound is chosen ^ch con- 
tains the lOsHnethyl group. 
^ One method of preparing the conrpounds 
in acoocdanoe with the invention is shown 
35 diagranunatically in the accompanying draw- 
ings. As tht starting produce use is made of 
a compound having the general formula B. 

In this fmnula B» X is a lumi-stetoid 
group having die structure which is also 
40 given in drawings. In the group X» Ki to 
and Ru have the above-mentioned meanings. 

and Q° are lower aliphatic hydrocarbon 
radicals containing from 1 to 6 carbon atoms, 
while one of these groups, may also be a 
45 hydrogen atom. A group of highly suitable 
starting materials is that in which is a 
3-mcthyl-butanyl-2 group and Q" is a hydra- 
gen atom. By oxidative decomoosition, fol- 
lowed if desired by conversion 'into an add 
50 chloride or est», these starting compounds 
are converted into compounds having the 
general formula C represents an H- 
atom or halogen atom or an OH-group or 
alkoxy group. The compounds according to 
55 the formula C are subsequendy converted into 
compounds of the formula D. This group of 
substances includes the enamines and the enol- 
acylates, when represents a hydrogen 
atom and Q*^ a radical of a secondary amine 
60 or an 0-acyl radical, and also substances in 
which rg)rc8cnts a hydrogen atom and 
a lower aliphatic hydrocarbon radical or a 
phenyl radical, or in which O"^ and both 
are a lower aliphatic hydrocarbon radical or a 
65 phenyl radical. The term " lower aliphatic - 



denotes conCBining one to six carbon 
atoms, unless otherwise specified. 

ftr oxidation of compounds having the 
fonnula D compounds having the formula 
B are obtamed. 
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T^ compounds having the formulas C, D 
and B are suitable starting products for the 
preparation of other inqjortant intermediatt 
products in preparing compounds in accord- 
ance with the invention. From the said groups 
of compounds, compounds having the formula 
J can be produced. In these compounds, Q" 
IS a hydrogoi atom or a metiiyl group and 
Q an aldchvdc group for an addition com- 
pound thereof) or an O^acyl or a COO— R 
group, in which R is a lower aliphatic hydro- 
carbon radical containing from 1 to 6 carbon 
atoms. By oxidation d compounds having 
the formula J, compounds are" obtained hav- 
ing die formula K, and from these latter com- 
I»unds diere may be produced, by reduction 
of the 17-^eto group or by addition of a 
metal-organic compound, if required suc- 
ceeded by reduction, compounds in accord- 
5»oe ^di the invention, having the formula 
L, m wfaidi m die 17-position of the steroid 
grekton diere ate provided groups R„ and 
Rio, where R, is a hydroxy or an esterified 
hydroxy group and R,, is a hydrogen atom 
or Rft is a saturated or unsaturated lower 
aliphatic hydrocarbon radical containing from 
1 to 6 carbcHi atoms and Rio is a hydroxy 
or esterified hydroxy group. 

Compounds having the foznmla N can be 
obtamed by peroxidation of comoounds hav- 100 
ing the formula J and subsequent hydrolysis 
of the produced epoxyformiates having the 
formula M. 
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Compounds having the formula E can be 
used as starting products for die preparation 105 
of con^NKuuis having die formula Q by con- 
densation of the starting products with a di- 
^er of oxalic acid and subsequent conver- 
sion into an iodme compound having the 
formula P and acylation of tiiis latter com- 110 
pound with the use of an alkali metal salt of 
an organic carboxylic add. 

Dentils of the above-mentioned preparation 
are given hereinafter. 

Another method of preparing the com- 115 
pounds in accordance with the invention may 
comprise die oxidative decomoosition of die 
saturated side chain of lOx-methyl steroids, 
for example of lumisterole and lumistanols 
for example widi chromic add, widi the pro- 120 
duction of the correspondmg 174»to^ 17- 
acet^-compounds and the corresponding etio-, 
nor- and bisnor-cholenc and <ioIene adds, 
which compounds form part of the conn 
pounds in accordance with the invention or 125 
can be converted into them. 

The invention indudes methods of pre- 
paring compounds of formula A, as will be 
described hereinafter. 
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Ch&pxbr L 
A oompoood of fonnnla B can be 
subjected to ^^mn^ decompositian to ob- 
tain importanc intennediate pzoducts of the 

5 fcnnula C In these formoue and Q" 
xcpcesent lower aUphatic hydrocarbon radicals 
or one represents such radical and the other 
a hydrogoi sttm, and represents hydro- 
gen or a bydrasyl group. This method is 

10 particnlady unportant for the conversum of 
compounds of ihe formula B, wherein 
is a S-methyl-butanyl-Zrgionp and Q° is 
a hydrogen atom and Ri> B^ B^i B^, By, 
Re and Rn are l^ydrogen atoms and R4 is a 

15 fceto group or a %druy- or an etherified or 
esceriied hvdroxy-gnmp and Be represents 
one double oond or one to three double bonds 
in the A- and B-rings of the steroid skeleton. 
If R« is an etherified hydroxy^group, it 

20 consists, for esample, of an ether group of a 
lower aliphatic akohol, of which examples 
were given above. Ezanq>le8 of estermsd 
hydroxy-groups are found in the Ifoamples 7, 
10^ 20 and 23. In the A- and B-rings are 

25 c(mtained» for example, double bonds at the 
position 1, 4> 5, 7 or 3, in which last-men- 
tioned case R4 is an esterified or an etheri- 
fied hydroxy-group and furthermore at the 
positions 1 and 4^ 4 and 6, 4 and 7 or 3 

30 and 5, in ^ch latter case R4 is an esteri- 
fied or an etherified hydroxy-group, B<s may 
furthermore designate three double bonds at 
the positions 1, 4 amd 6, or 3, 5 and 7, in 
whi^ latter case is again an etherifi^ 

35 or esterified hvdroxy-group. Fmally Rj may 
be three double bonds at the positions 1, 3» 
and 5, in which case Re cannot be a keto- 
or uneiherized or unestcrificd hydroxy- 
group. Any AMouble bond present is removed 

40 at some convenient point in the ensuing 
reaction scheme, for example by migratim 
to the A*-poaition by treatment with dry HCl 
gas. 

Preferred systems of R4 and Re are: 3- 

45 keto; 3-ketOnAMehydro^ 3-keto^* *-de- 
hydro-i 3-keto^' *-ddiydro-, 3-fceto-A^'Me- 
hydro- cthaized or esterified 3-liydroxy- 
A» «-dehydro-i 34iydroxy-A*-ddiydro-. 
Li order to Increase the yield of the oxi- 

50 dadon reaction it is desirable to protect a 
double bond, if it is not in cooqugation with 
the 3-loeto-group or with a double bond. The 
reactivity of t& A'-douUe bond, however, 
renders a protecdon supecfluous. 

55 The double bond may be protected by con- 
version into a dibromide, wnich may be ob- 
tained by a reaction of the compound with 
mni«iilflr hromme, if necessary dissolved in 
a solvent The two bromine atoms can be 

60 icadily separated out after the oxidiang de- 
oomposidon by reducing the compound with 
zinc dust in dacial acetic add. 

A double bond may furthermore be pro- 
tected by conversion into epoxide, for 

65 r*fl*" r^<^j by a reaction with hydrogen per- 
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oxide in alkaline medium* The epoxide may 
be decoinposed with KI in a weak acidic 
mH^'"*, rar exanq)le, acedc acid, die double 
bond being regained. 

For the oxidizing decomposition of a com- 
pound of the formma B achoice may be made 
between a fairly large number of oxidizing 
agents. For example, use may be made ox 
Sromic trioxide, potassium, sodium- or 
flfi imftninm bidpomate, furthermore potas- 
sium permanganate, but preferably ozone. 

The reacdon may be carried out both in a 
homogeneous and in a heterogeneous or in an 
aqueous medium. The compoimd to be oxi- 
dized may be present both in a dissolved and 
in a suspended state. 

Suitable solvents are, tot example, cnida- 
ticHi-resistant, aliphatic or aromatic, liquid 
hydrocarbons or mixtures thereof, sudi as the 
hi^ier aliphatic hydrocarbons, e.g. petro- 
leum ether, ligrom, petrol, or aromatic 
hydrocarbons, for instance benzene, toluene, 
mesitykne. Very suitable have proved to be, 
moreover, a number of halogenated, lower 
aliphatic hydrocarbons, for instance dl- 
ethylene chloride, ethyl^e, dichloride, ddoro- 
fonn, carbon tetrachloride, and also mono- 
chlorobenzene. If the compound to be oxi- 
dized is subjectai to die reacdon in a sus- 
pended stat^ use is preferably made of a 
polar solvent^ for instance, water, as a 

The oxidadon with diromium trioxide may 
take place in an alkaline, or a peutral or an 
add medium. An alkaline reacdon medium is 100 
obtained, for insrance, by adding to the mix- 
ture of the reaction consdtuents an organic 
tertiary nitrogen base^ for example, pyridine, 
cdlidine, piperidipe or qomoline. If the re- 
acdon is carried out in an add medium, use 105 
is prefer^y made of acetic add other 
liquid kswer aliphatic carboxylic add widi 
1 to 10 carbon atoms, for mmnlf!, propionic 
ac^ buQric add, valeric add, hesanoic add, 
heptanoic add, nonanoic add or isobutyric 110 
aad. The reaction may, as an alteinadve, be 
carrkd in the presence of a strong uiorpnic 
add, preferably sulphuric add. 

If me n^t^ran^ dcoomposition is carried 
out with potassium- or f^um- or ammo- 115 
nium-4>icfaramate, it is desirable that the 
reaction m&dium should be addic, which may 
be adiieved by adding a stroi^ inorganic 
add, preferably sulphuric add. 

Ciddation widi potassium permanganate 120 
may also be carried out in alkaline, neutral or 
addic medium; -die reaction conditions mstj 
be the same as referred to above for the oxi- 
dadon widi chromium trioxide. 

As a rule, during the oxidation with chro- 125 
mitnn trioxMe;, potassium- or sodium-bichro- 
mate or potassium permanganate, the corre- 
sponding adds of tbt compounds indicated 
by the Formula C are obtained, wherein Q"' 
is a hydroxy groi^* 
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" "Howcverrthe~o2udmng~de^mpo^ 
compound of the formula B is preferably car- 
ried out with ozone. This can be very satis- 
factorily carried out by dissolving the com- 
pound in one of the aforesaid sohems^ and 
by introdudng ozone into the liquid. 

It is advisable to keep the temperature low 
during the reaction, for example between 
-100* C and +30^ C, preferably between 
-SC* C and +10* C 

The concentration of the compound to be 
oxidized is not subjected to narrow limits. It 
hes, for example, between 0.5% by weight 
and the saturation concentrations. TTie sclec- 
15 tivity of the reaction may be increased by add- 
ing an organic nitrogen base to the reaction 
mucture; especially pyridine yields satisfac- 
tory results. During the ozonisation an ozon- 
idc is produced, which, on decomposition, 
ao yields an add or an aldehyde of the formula 
C This decomposition may be carried out 
with the aid of rediMnng or oxidizing agents. 
Suitable reducing agents are, for exan^le, zinc 
dim in acedc aad or iron powder in su^>huric 
25 add; funhermore, aliphatic aldehydes, for 
example, formaldehyde, paraformaldehyde, 
acetaldehyde, pzopicmaldefayde, butanol or 
aromatic aldel^es such as benzaldebyde, 
and, moreover, sacdiaradoidal aldehydes such 
30 ghKose or a pentose. The decoi^xjsition of 
the ozonide is preferably carried out with 
. mild reducing agents, if R4 and R. arc a 3- 
teo-A* *- or 3-keto-d^''-8ystena. To this end 
the aforesaid aldehydes may be used. If the 
35 doMmposition takes place by reduction, as a 
rule, aldehydes are obtained. With this 
reaction it is advantageous to process in an 
incn atmosphere, preferably in nitrogen, in 

order to prevent oxidation of die aldehyde ob- 
40 tained. As an oxidizing agent for the de- 
composition of the ozonide may be used, for 
example hydrogen peroxide or an alkaline 
solution of potassium permanganate to form 
an add of Formula C 

This part of die invention is particularly 
miportant for the production of the alde- 
hydes indicated by the formulae IV (Example 
lb), XXVIII (Example 15b) and XXX 
(Example 15c). 

Very suitable starting substances are, as is 
evident from the examples given in the pre- 
ceding paragraph, A^-.lumistadien&.3-one, 
A* ••=.lumistatricne-3-one and A* ' =-lumi- 
statriene-3-one. 

Chapter II. 
Very important intermediate products for 
the production of compounds of formula A 
are compounds of the general formula D. In 
this formula is a hydrogen atom and 
Q 18 either a secondary amine residue 
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bound with the nitrogen atom to the same 
carbon atom to which also is bound, or 
an 0-acyl group or a phenyl- or an aiyl- 
group, or both and are each a phenyl 
65 or an alkyl group. 



70 



75 



85 



90 



In general, the compounds of fomrola D 
may be produced from the compounds of 
formula C, wherein has the m^nttig 
referred to abov^ Le. a hydrogen atom or 
a hydroxy group. For the production of 
compounds of formula D may also be 
an 0-alkyl-group or a halogen atom. These 
compounds are obtained m faiown manner by 
estcrifyin^ an add of the formula C or by 
halogenadng it with a halogenation agent 
which is capable of replacing a hydroxy group 
in an add by a halogen atom. 

The production of the compounds of 
formula D from the compounds of the 
formula C may be carried out in various ways, 
m accordance with the meaning of 
Q , and Various of these methods, known 
per se, from Kterature, are described briefly 
hereinafter. ' 

The mediods can be divided into two 
^oups, for die first group indicated in diis 
chapter by A Cy" is a hydrogen atom and 
q likewise. In a second mediod, indicated 
by B, Q"" is an 0-alkyl etoxtp or a hydroxy 
group and is a pheigrfor an aUg^l-group. 

A). AND ARB Hydrogen Atoms. 

To this group are assodated three methods, 
for die cases m which is a secondary 
amine residue, an O-acyl-grotqi, or a phenyl- 
or alkyl-group. 95 

a). IS A Secondary Amine Rbsidub. 
. J?^ ^^^ction is carried out by reacting an 
aktehyde of the formula C with a secondary 
amine m such conditions that water is 
s^pmted out As secondary amines may be 100 
used, for example, lower dialkyl amines with 
1 to 6 carbon atoms in each alkyl group, 
or derivatives dieieof, for example, dietiiyl- 
amne^di-isopropylamine, or cfibutylamine; 
diaralkylammea such as dibenzylamine; or 
hydroxylated dialkylamines, such as diethanol- 
unme, dmietfaanolamine, dq)ropanolamine, di- 
bjitanolamine, and dipentanolamine. Esped- 
ally suitable are saturated cyclic amines, for 

example piperidincit wflU be understood tiiat, 110 
aldiough the groiqi in enamine is desig. 
nated a secondary anune residue, the enamine 
products are tertiary amines diemsdves. 
It is essential that during reaction of die 



should be separated out In order to ensure 
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vuM.t., a «,auuj9L may oe aoaea to tne 
reaction mixture whereby die separation of 
water is accelerated, for exan^le, pasatduene- 
sulphonic add. 

By subjecting the mixture during the reac- 120 
non to azeotropic distillation, it is avoided 
that the water already formed should counter- 
act the conversion into the desired final pro- 
duct To this end use may be made of a 
suitable solvent in the reaction mixture, for 125 
example benzene or toluene. The water layer 
can be sqiarated from the distillate, and the 
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layer of solvent may be fed bade or not fed ated out of the reaction medium during the G5 

back to die reaction mixture. A very suitiJ)le reaction. In the aforemid cases die acid anfay- 

method consists in diat the distillate is dried dride or the add chloride serves as a water 

by water-absorbing subsonoes and by intro- bmder. For diis reason it is advisable to 

5 dudng again the dried solvent mto ^e reac- cany out the reaction of the aldehyde with 

rion mixture. Suitable water-absorbing sub- an excess quantity of die acid tuihydride 70 

stances compose inorganic oxides for example of the add chloride. Moreover, use may 

caldum oxme, barium oxide or alumina* be made of inert solvents, for example, ali- 

The reacdon between aldehyde and seoour phadc or aromadc hydrocarbons, but these 

10 dary amine may be carried out in the presence are not necessary. The temperature of the 

of a solvent To this end use may be made of, reaction is preferably between 10 and 150^ 75 

for example, aliphatic or aromatic solvents, C and preferably bmreen 30 and 110^ C It 

for instance petroleum ether, ligroin, hexane, should be noted that, if the posidon 3 of 

^dobexane, benzene, toluene, xylene, or the steroid skdetan is occupied by a keto- 

15 aliphadc ethers, for instance diediyl ether, di- group, those complicadons inherent in die 

isopropyl-etfaer, dibutyl ether, dl-isobutyl reaction indicated under A do not occur. 80 
ether, or tetrafaydrofuran. As an ahemative. This reacdon Is described under Example 

an excess quantity of a seomdary base may If for the producdon of a compound of the 

be used as a solvit formula VIL 

20 The temperature of the reacdon is prefer- 
ably chosen not to be too high, for example c) is A Phenyl- or Alkyl-group. 
between 25 and 150** C Very good results This reacdon is carried out by causing an 85 

are obtained with a reacdon temperature be- aldehyde of the formula C to reaa with a 

tween 40 and 110^ C It should be noted that plien^- or alkyl-Grignord compound, for ex- 

25 certain secondary amines coukl start side ampk phenyl magnesium bromide or the 

reacdons^ if a keto-gnn^ is present at the Gngnard compound of a lower alkyi bro- 

posftion 3 of die steroid sketeton, whether or mide with 1 to 6 carbon atoms, for exanq>Ie, 90 

not a A* doable bond oocors In the mole- methyl bromide, ethyl bromide, propyl bnv 

cole. In this case it is advisable to react mide^ isopropyl fanmiide^ butyl bromide or 

30 equimolar quantities . of die secondary base isobutyl bromide. The reacdon should take 

and the al&l^de and not to use an excess i>laoe in normal conditions for Grignard reac- 

quantity of the base as a solvent dons, L.e. in anhydrous condidons, prefer- 95 

This reacdon is particularly suitable for aUy in the presence of an aliphatic edier as 

the compounds of the general formula Q a solvent. la this reacdon an intermediate pn>- 

55 wherein X Is a steroid group of the Indicated duct is an O-Mg halide conqxiund, wmch, 

meaning, on the understanding that Ki, R,, by decomposition in a neutral or we^ addle 

Rg, R«, Rr, R« and Rn are hy dr ogen atoms xnedimn, preferably In an aqueous medium, 100 

anid R4 and R9 have die meanings referred to to which for example 2N hydrochloric add or 

in Chapter L 2N sulphuric add has been added, is con- 

40 Paruculady suitable starting products are verted mto the corre^Kmding hydroxy com- 

steroids whidi contain a 3-keto-A\ a 3-ketD- pound. This hydroxy compound is converted 

A^', a 3-keto-A^''-structure. This is explained by wididrawing water, for example by heat- 105 

more ful^ in the Examples le and 15c With i^ in mctm^ wiifa or widiout a water-ab»nrl>- 

tfae choice of the said starting products ing agent being present into a conqMSund of 

45 enamines of, for example, the formula VI, the formula IV. 
XXIX respectively and furdiermore a 3- 

keto-22-(N-enamino}-lumi-bi8 nor diola-4.6.20 B. Q^' is O-alkyl or Halogen, Q'^ and 
(22)-triene axe produced arb Phenyl- or Alkyl-groijps. 110 



b) IS AN O-ACYL-GROUF 

50 For the producdon of these compounds an 
alddiyde of the formula C is reacted widi a 
caxboxylic add anhydride in the presence of 
an aOali metal salt or the add chloride of 
the same add or of an organic tertiary N* 

55 base, for exanq>le, pyridine. 

As an anhydride may be used that of a 
lower aliphatic carboxylic add with 1 to 6 
carbon atoms, for example, acedc acid, pro- 
pionic add, butyric ad4 or valeric add. As 

60 an alkali metal salt of the add may be used, 
for example, the sodiunt- or potassium-sah. 

Also tms reacdon must be carried out in the 
presence of a water binder or In such 
CQnditians that die f ocmed water is separ- 



a) Q"' IS O-ALKYL 

This reacdon is carried out by causing an 
ester of the formula C to reaa with a phenyl^ 
or allqrl-Grignard compound. The ester con- 
sisQ in this case of an aliphadc ester, in 115 
i^iich the alkyl-groop is a lower alip^dc 
hydrocarbon radical with 1 to 6 carbon 
atoms, for example, a methyl-, ethjd-, prof^, 
isopropyl-, butyl-, isobutyl-, or peniyl-grotq>. 
As a Grignard compound may be used, for 120 
example, phenyl magnegum bromide or 
methyl-, emyi-, propyl-, isopropyl-^ or butyl- 
rnagnesium bromide. The reacdon may be car- 
ried ont under the circumstances known for 
the Grignard reacdon. 125 

During the coupling reacdon an OMg 
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halidfr<ctfnpouiid is 'fdmea^ ihterm^atclj^ 
which, after decompodtion with water or 
diluted aqueous adds, for example, diluted 
su^)huric add or diluted hydrochloric add, 

5 to form a hydroxy-compound, is subjected to 
water separation. This may be carried out 
by distilling the hydroxy compound to dry- 
ness, if necessary in the picsence of a de- 
hydrating agent, for example, by refluxing 

10 the compound with acetic acid anhydride and 
pyridine or by heating the si^tancc with 
iodine in acetic add aimydride or with acetic 
add without more or with thionyl chloride, 
dissolved in toluene. 

15 b) Q"* IS Halogen, fob example, 

CHLORINE. 

This reaction is carried out to cause an 
add haHde, for example the acid chloride 
or add bromide of the formula C to react 

20 with diphenylcadmium or with a zinc Grig- 
naid compound, for example QH,2:na. The 
ketone produced durhig this reaction is si^ 
jecced to a Grignard reaction witii phenyl- 
or alkyl-magneaium bromide, so that after tiie 

25 deconqposition of the reaction prodaa in an 
aqueous medhnn a hydroxy compound is pro- 
duced in neutral or addic medium, which 
compound yidds by dehydration under the 
aforesaid drcumstances (heatmg in vacuo^ 

30 heating^ with acetic add, heating with iodine 
hi acetic add anhydride) a compound of the 
fonnula D. 

It should noted that in accordance with 
the last-mentioned reaction, compounds can 
35 be obtained in which Q** and need not be 
identical and, for example is a phenyl- 
group and is an aliphatic hydrocarbon 
radical with 1 to 6 carbon atoms. 

It should furthermore be noted that in 
40 reactions A and B, any alkyl group represented 
by or oontamed in a group Q^^ and/or 
is preferably an aliphatic hydrocarbon 
radical with 1 to 6 carbon atoms, particu- 
larly with 2 to 4 carbon atoms, for example, 
45 an ethyl- isopropyl-or propyl-group. 

The reactions indicated under A and B 
of this chapter are of particular importance 
for the production of compounds of Formula 
D, wherdn is a hydrogen atom and 
50 an 0-acyl group or a secondary amine residue. 
Particularly the 0-acetyl compound and the 
piperidinoHcompound are very attractive final 
products of the present reacuon. 
The compounds of formula D are particu- 
55 larly important for the production of com- 
pounds of formula E fsee Chapter III} or also 
of die foimuU J (see Chapter IV}. 

Finally it should be noted that isomers of 
the compounds of formula D are possible 
60 owing to asymmetry of the molecule around 
tiie A^'-» double bond. 

For die preferred meaning of R, to R« and 
Rii in the reaction described in this Chapter 



(II) we refer to the first part of Chapter L 

ChaptbrIII. 65 
The compound of the general formula D 
obtained by the method described above are . 
very suitable for the production of com- 
poimd in which at the position 17 an acetyl 
group and a hydrogen atom are present All 70 
these compounds are new and have not been 
previously described in literature. The com- 
pounds excd by particular physiological action, 
as hereinbefore described. 

Compounds of the formula D may be 75 
oxidized into compounds of the formula E. 
The production takes place by oxidizing com- 
pounds of the formula D under mild condi- 
tions in order that no complete decomposition 
of the side chain at the carbon atom 17 80 
takes place. 

Oxidizing agents which may be used are: 
for example, ozone, chromium trioxide, 
sodium- or potassium- or ammonium-bichro- 
mate, potassium permanaganate. As a nile the 85 
oxidation takes place with ozone in a neutral 
medium, but the oxidation with the other 
means mentioned above may take place both 
in a addic and in an alkaline medhmL The 
temperature of the reaction is preferably 90 
fairly low, i.e. between —100 and +100* C 

For the oxidation with ozone use is gener- 
ally made of a slightly lower reaction tem- 
perature that for the oxidation with the other 
agents referred to above. When using ozone 95 
the conventional reaction temperature lies 
between: -100 and +30^ C, preferably 
between -80 and +10** C For the otiier 
oxidation agents the reaction temperature may 
be sUghtiy higher, for example between 100 
—20 and +100, preferably between —10 
and +30^ C It is furtitermore advisable, in 
order to avoid hydrolysis of the enamme, to 
add tiie compound to be oxidized slowly and 
m parts to the oxidation medium and also to 105 
carry out the oxidation with the use of non* 
oxidizable diluents. Suitable diluents are pre- 
ferably oxidation-resistant aliphatic or aro- 
matic hydrocarbons, for instance petroleum 
ether, Hgroin, petrol, benzene, toluene, mesi- 110 
tylcae. Very suitable are found to be halo- 
genated lower ah'phatic or aromatic hydro- 
carbons such as metiiylene dichkride, 
etiiylene dichloride, chloroform, carbon tetra- 
chloride or monochlorobcnzene. The oxida- 115 
tion may take place both in a homogeneous and 
m a heterogeneous medium. The compound 
to be oxidized may be present both in a dis- 
solved and in a suspended state. If the com- 
pounds to be oxidized are present in the sus- 120 
pended state in the reaction, use is preferably 
made of a polar solvent as a medium, for 
example water. 

The oxidation witii chronuum trioxide may 
take place both in an alkaline, a neutral and 125 
an aadic medhun. The alkaUty of the reac- 
xxtxx medium is obtained for example, by add- 
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Ing to the mixtuxe of the reaction camponents 
an organic, tertiary nitrc^ea base, for ex- 
ample, pyddine, collidine, piperidinC} chino- 
line, diethylaniline or dnxu^laniline. 

5 If the reaction is carried out in an acidic 
medium, this is preferably done in gladal 
acetic add or other lomx aliphatic, liquid 
carboxylic add or mixtures thereof, for ex- 
ample, propionic add, butyric add, valeric 

10 add, pentane carboxyHc add, hexane car- 
boxylic add, hqrtane carboxylic add or iso- 
butyric add. However, the reaction may be 
carried out in the presence of an inorganic 
add, preferably sulpnuric add. If the oxidiz- 

15 ing decomposition takes place with potassium, 
sodium or anunonium bichromate, it is desir- 
able that the reaction medium should be 
addic This is preferably attained by addmg 
sulphuric add or acetic add. Oxidation with 

20 potassium permanganate may also make place 

in an alkaline, a neutral or an addic medium. 
The reaction conditions may be the same as 
indicated above for the oxtdatioa with diro- 
mium trioxide. 

25 Since the oxidation with ozone takes place 
quantitativdy, it is advisable^ to pass no 
sreater quantity througjli the lujuid comam- 
xag the coD^Kiund to be oaddized than is 
necessary for tiie deshed oxidation. For die 

30 oxidation with the otiber aforesaid agents use 
may be miade of a slight escess quantity of 
' tiie oxidizing agent. 

The cottcentration of the compound to be 
oxidized is not nanow limits. Satisfactory 

35 results are obtained, if the starting substance 
is available in a quantity of 0.1 to 20% by 
wei^ preferably 1 to 10% by wei^ in 
the reaction medium. After oxidation with 
tiie solid, aforesaid oxidizing ascots the sub- 

40 stance obtuned may be isolated in a conven- 
tional manner fran the reaction mixture. 
When using an excess quantity of the oxi- 
dizing agents it is advantageous to reduce it 
first wim an adequate quantity of a lower 

45 aliphatic alcohol, for instance methanol or 
ethanoL Then the reaction mixture is pouixd 
out in water, after which it is extracted witii 
an organic solvent, owing to which the ketone 
obtained is i^lated in a jpractioilly pure state. 

50 If the oxidation takes pkce with ozone, it is 
necessary that the primarily produced oxida- 
tion produa (ozonide) shotdd be decomposed. 
This decomposition may take place with 
reducing or oxidizing agents. 

55 As reducing agent use may be made of, for 
example, zizxc dust in acetic add or iron 
powder in sulphuric add. Furthermore ali- 
phatic or aromatic aldehydes, referred to in 
Chapter I, (for ±e decomposition of the 

60 ozonide) may be employed. They are prefer- 
ably u^ed, when mild reduction conditions 
are required, for example, in the presence of 
a 3-keto-A* *-sy5tem. 
As an oxidizing agent for the decomposi- 

65 tion of the ozonide use may be made for 



example of hydrogen peroxide or an alkaline 
solution oi potassium permanganate. 

If m the ring A of die steroid skeleton pre- 
vails a double bond which is not in con- 
jugation witii the 3-keto group or with a j 
carbon- carbon-double bond, it is advisable 
to protect this double bond from attack by 
tiie aforesaid oxidizing agents. Hiis is, in 
genera], not necessary in the case of a A^- 
double bond. This protection and the sub- 1 
sequent regeneration of the initial system of 
the stermd skeleton may take place in the 
manner described in Chapter I. 

Suitable starting substance for the produc- 
tion of compounds of Formula E are the f 
compounds of the Formula D, wiiich are des- 
cribed in the preceding part of the Specifica- 
ticHL Particularly those compounds may be 
mentioned in n^ch is a hydrogen atom 
and Q'^ is a secondary amino lidical of i 

whidi the N atom is bound to the carbon 
atom to wiucfa also is bound or an O- 
acyl radical The secondary amino radical is 
preferably the piperidino-group, but also very 
suitable are found to be radicals of lower S 
aliphatic secondary amines with 1 to 6 carbon 
atoms. 

As such we may mention diethyl-, dipropyl 
di-isoprt^l- or di-isobutylamine. Further- 
more use may be made of hydroxylated deri- S 
vatives of these amines, for example, di- 
etbanolamine, or dipropanolamine. As an ex- 
ample of an O-acyi-group reference is to be 
made, in particular, to those radicals in 
which the acyl-group is the radical of an 1' 
al^hatic carboxylic add with 1 to 6 car- 
bon atoms. As such reference is to be made 
preferably as an 0-acyl group to the 
O— COCH3 (acetyl) group or moreover, to 
the propionyI-but3n7l- and valeryl-group. I 

For the preferred meanings of Rx to R, 
and Rn reference can be nmde to the first 
part of Chapter L 

Examples illustrating the method des- 
cribed in this chapter are Ig, Ih, and 15d. In 1 
this ca% lumiprogesterone (Formula Vni) 
and A'-dehydro-lumiprogesterone (Formula 
XXVII) are formed. 

Chapter IV. 

Compounds having the formula J which 1 
are suitable for preparing compounds having 
die formula K, can be divided into three 
different groiq)s Ji, and J3. 

Group J|. This comprises the compounds 
for which is a CH, group and is an 1: 
aldehyde group (or addition products tfaereof» 
i.e. with HCN or with bisidphite). 

Group Ji comprises subst^ices for which 
Q"" is a CH,-group and is a — O-acyl 

Group Ja comprises compounds for which 
is hydrogen atom and is a group 
•--COOR and in ^»^iidi R is an al^^tic 
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h^rdfocBibon radical comaining from 1 to 6 
carbon atoms. 

In this chapter the preparation of these 
Snnips Ju Js and J, is described. 

5 PRBPARATION of COMPOtJNDS OF GBOtJP Ji. 

Compounds of this gro^p of substances can 
be produced in two manners. 

According to the first method bromine is 
caused to aa tqion aldehydes of the formula 
10 C 

In this reaction, the x-faydrogen atom (with 
respea to the aldehyde group) is replaced by 
brominadon with elemental bromine bromine 
with simultaneous formation of hydio- 

15 gen bromide. By withdrawing HBr from the 
compounds produced (Formula G) com- 
pounds are obtained which belong to the 
group Ji. The bromination reaction can be 
performed satisfactorily by dissolving an 

20 aldehyde of the formula C in an aliphatic or 
aromatic hydrocarbon or a halogenated ali- 
phatic or aromadc hydrocarbon, for 
example petroleum ether, ligroin, ben- 
zine, benzene, toluene, mesitylene, (^chloro- 

25 ethane, chloroform, carbon, tetrachloride, 
or methylene chloride and adding to this 
solution a solution of bromine in one of the 
above-mentioned solvents. Preferably, the 
formation of the bromine substitution pro- 

30 duct is accelerated catalydcally by exposure 
to ligh^ for example, by irradiating the reac- 
tion mixture with a normal electric filament 
lamp. It is also very desirable for the reac- 
tion mixture to contain an HBr acceptor in 

35 order to bind the HBr produced in the sub- 
stitution reaction. For this purpose use may 
be made of suspended calcium carbonate or 
caldtnn hydroxide. Use may also be made of 
pyridine or another nitn^n base. Since, 

40 however, these compouni^ can react with 



mm 


m 


TuTv 


ft 



45 



possibility of by-produa being formed. 

Preferably die bromination is carried out 
at a temperature between 0* C and 50* C, 
for example between 20"" C and 30"" C The 
duration of the reaction is from 1 to 3 hours. 
In order to avoid the formation of by-pro- 
ducts as far as possible, it is also desirable 
50 for the bromine solution to be added at a 
slow rate and for the reacdon mixture to 
contain an amount of bromine not 
exceediqg that required for the formation 
of the bromine substitudon product It 
has also been found that the exclusion of 
oxygen from the reaction provides advan- 
tages and that for this reason the reaction 
is preferably performed in a nitrogen atmos- 
phere. 

The formation of by-products caxmot be 
avoided without taking special prccaudons, 
if in the ring A of the steroid skeleton there 
is a 3-keto group and the allyl-posidon rela- 
tive thereto, is occupied by a subsdtutable 
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hydrogen atom since in this event substitu- 
tion can also take place at the Z-poshaon 
of the steroid deeleton. 

If this grouping should be found m a 
suitable starting material, die reaction is 
preferably carried out according to the second 
method described herdnafier, which can also 
be used without difficulty if the starting 
material contains no 3-keto ttntop. 

According to the second method bromine 
is added to an enamine of dte formula D, 
preferably the piperidxno-enamine. la this 
formula, the pipendination may be replaced 
by another secondary amine. 

The addition of bromine to these *nflmmi>a 
is effected preferably at a camfMratively low 
temperature, preferably at a temperature be- 
tween -80"* C and 20^ C, for example 
between —55' C and 0*' C 

It is ahio preferable for the reaction to be 
performed with equimolar amounts of bro- 
mine (that is to say, the amount required 
for the addition of 2 bromum atoms). The 
time required for this reaction is vecy short 
and as a rule, less than 15 minutes. Then, 
the dibromine-enamine (fonnula F) is dis- 
solved, if required after isolation, in an 
organic solvent, for example an aliphatic or 
aromatic hydrocarbon or a halogenated ali- 
phatic or aromatic hydrocarbon, after which 
water is added to this solution so that the 
dibromo-cnamine is hydrolysed. The duration 
of this hydrolysis reaction is comparatively 
long, for example from 1 to 5 hours. Pre- 
ferably, the reaction is performed while stir- 
ring vigorously and at a temperature between 
0 and +50"* Q, preferably between +10" 
C and +30** C In tiiis hydrolysis, an 
a-bromine compound of the above mentioned 
fonnula G is produced. After splitting off of 
HBr, a con^imd of the group Ji, and this 105 
is effected preferably in the presence of a basic- 
ally reacting inorganic or organic compound, 
for example, as an inorganic compound a 
metal oxide or metal hydroxide, for example 
calcium oxide, calcium hydroxide, barium 110 
oxide, barium hydroxide or magnesium oxide 
may be used, or as an organic 1^ a prinuiry, 
secondary or tertiary nitrogen base, for 
^cam^ as a primary amine, etiiylamine, 

benzylamine, or 115 
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dunetiiylamine, diedi34amuie, dipropylandne, 
di-isopropylamitte, dibutylamine, med^l- 
aniline, etiiylaniline, or piperidme; or as a 
tertiary base, for example^ trimethylamine, tri- 120 
ethylamine, tripropylaniine, tri-isopropyl- 
amine, tributylamine, trimethyianiline, di- 
ethylaniline, colHdine, quinoline, isoquinoline^ 
picoline, lutidme or pyridine. It would be 
noted tiiat die splittmg off of hydrobromic 125 
add is preferably not carried out means of 
a primary or secondary amine if the ring A of 
the steroid skeleton contains a 3-keto group. 
In this case, use is preferably made of a ter- 



daiy l^drogm base or- an inorganic base as 
the HBr-acoeptor. 
The aldehyde of the gcoup^ Ji in 



is a metbji ecovp ai 



e group ji 
and is 



a— CHO 



5 groiqi obtained aocoiding to either of the vara 
mediods designated Ji hereinbefoie, is pre- 
ferably subsequently canverted into a HCN 
or biaibhite additioo compoondy before it is 
oxidiz^ to form a compoimd having the 
10 formula K. The pr^aradon of the HCK 
addidon oonqKnmd Is preferred especially be- 
cause this preparadon proceeds comparadvely 
simply. The HCN*addtd(ni-compound may be 
obtained by dissolving die corresponding ^de- 
15 Iqrde in a dihient for example, one of the 
above meaotianed aliphatic or aromadc hydro- 
carbons^ or by su^ending it therein^ and by 
adding a soludon of sodiumr or potassium- 
cyanide in a lower aliphatic alcohol, for exr 
20 ample methanol, to this medium. Thien acetic 
. add is cautiously added drc^ywise to this 
reaction misture at a comparatwely low tem- 
perature (for example ^TO"" C.) for 1 hour. 
As a resi^ HCN is slowly prcKluced, which 
25 adds to the carbonyl groim^^ to form the 
desired additian product. The xeacdon is 
completed by allowing die reaction mixmre 
to stand for a considerable period of time 
(about 24 to 48 hours at —5*). The hisulr 
30 phite addition compound can be produded 
by reacdng the aldehyde with sodium bi- 
sulphite, for example in an aqueous methanolic 
solution. The formation of an addition com- 
pound is qwyjfically desirable if Re represents 
33 at least one doi£le bond in die steroid 
skeleton. 

For the methods according to this part of 
the invention^ particularly suitable com- 
pounds ace those in whidi R„ R^, R^, 

40 Rn ^ and Rii rqnesent a hydrogen atom 
and R« and R4 have die meaning of Cihapter 
first paragraph} and first sentence of the 
second paragrmph. This is esplaiiBed imore 
ftdly in the foansples 3a, 3b, 3c and 24 

45 for die preparadon of onapounds having die 
fomralas XIV, XV and XL which belong to 
the group Ji. 
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PSBPABATXON OF COMPOUNDS OF GROUP J> 

In the expounds of this group is a 
CH, and a -0-acyl groiq). Acyl may be 
the acyl radical of an aliphatic carbozylic 
add containmg from 1 to 6 carbon atoms 
or of an aromatic carboxylic acid, for ex- 
ample of aoedc add, propionic add, butyric 
55 add, valeric add, or of benzene carboxylic 
add. However, preferably the acyl groiqp is 
the add radicsd of acedc add. For preparing 
diis groi^ of substances, one can start from 
compounds having the general formula E. By 
60 acetylating compounds havmg this formula 
with isopropenylacylate preferably in the pre- 
sence of catalytic amounts of concentrated 
sulphuric add, enol acylatcs are produced. It 
is not necessary to add a diluent for ex- 



ample a solvent to die reacdon mixture, 
since die isopropenyl aqrlate itself can be 
used as sudL The reacdon is prefcxably per- 
formed at the boiling point of the reaction 
mixture for from 1 to 15 hours. During the 
reaction, the aqrl group is split off from the 
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is slowly withdrawn from the 
reacdon mixture by distillation. The enolacyl- 
ate formed by this reaction has the structure 
acanding to Formula H. This compound can 75 
be converted into a compound of the group Jt, 
in which Q^' is a methyl group smd 
an 0-aqi, widiout intermediate isdadon 
\sj adding to the reaction mixture a catalyst 
\^ch is capable of shifting die double 80 
bond to the ntxcleus, for example, a small 
amount of paratoluene sulphonic add prefer- 
ably dissolved in acetk add anhydride. 

If, in a compound having the formula E, 
a readily enolisable grouping is present in the 85 
ring A of the steroid skdeton, for example 3- 
keto-A*-; 3-keta-A»-; 3-keto-A^ *- and B-keto- 
A^S in the above-mentioned reaction these 
configurations are entirely or partiy re<trran- 
ged to form enol-aqiate-groupings. The 90 
initial grouping can be recovered by iodinating 
the reaction produa iodosucdnimide dis* 
solved in dioxane and subsequent detodination 
widi sodium bisulphite. In this reacdon, there 
is no or hardly any destruction of the group- 95 
ing on the Qr-side chain. 

For the methods according to this part of 
die invention iKvticularlj^ suitable conqxnmds 
are those in xmdi Ri, iCj Rss Roi Rrs R* and 
R:i axe a hydrogen aa»n and R. and R., have IOC 
die meanmg of Chapter I, first pazagnmh and 
first sentence of the second paragraph. 



Preparation of Compounds of the 
Group J,, 

Compounds bdon^ to this group can be yx, 
obtained fay condensing a compound having 
the formula E with oxalic add diallgri esters, 
for example the diethyl ester, in the presence 
of an attali metal alkmdde or equivalent con- 
densation agent, for exampte sodium methy- III 
late. In this reaction, xMdi preferably is per- 
formed in die presence of a solvent, for ex- 
ample a lower aliphatic alcohol, in particular 
a tertiary butyl alcohol, a compound is pro- 
duced which can be considered as having Hi 
xbt formula R in which M rqnesents a metal 
atom and R the same alkyl radical as in 
die oxalate ester. If a solution of sodium 
acetate in glacial acetic add and medianol is 
added to the reaction mixture and subse- 12( 
quentiy a solution of bromine, for example 
in chloroform, is also added thereto, a dibro- 
mo-reaction pnroduct is produced which, after 
decomposition with an al&aline medium such 
as an alkali metal alkanolate, for example 12S 
sodium methylate or sodium ethylate, gives a 
compound of the group J,, in which is a 



hydrogen atom and Q^" is a COOR-group. 
This reaction which in spite of die compara- 
tively complicated procedure can give a high 
yield, is preferably carried out with an excess 

> of the (Hcalic add diaUcyl ester. If in the ring 
A of the steroid skeleton of die starting com- 
pound having the fonnula E a 3-fceto groin 
IS present, me escess of die dialkyl ozahc 
add ester attacks one of the caibon atoms of 
the ring A, for example in the 2- or 4-po8i- 
tions ^wever, the formation of such by-. 
products does not occur if in these positions 
subsdtuents are already present). If these 
hnpedlmems do not occur in the 3-keto com- 

^ pound of the foraiula E, the reaction widi the 
excess of oxalic add dialkyl ester sita com- 
pletion (brominatton and subsequent decom- 
position with sodium methanolate) results 

„ m a 3-keto 2 or 4 bromine substitution pro- 

^ ducL This bromine atom may be spHt off 
by reduction with for example powdered zinc 
in glacial acedc add, however, if desu:ed, 
this bromine atom can be maintained or re- 
placed by another group, for example a 

25 methyl group, or split off to produce a double 
bond between the carbon atoms 1 and 2 or 
4 and 5. 

Pardcularly suitable compounds for prac- 
tising the method describccf above are those 
30 in which Ri, Ra, Rj, R«, R-, R^ and Rj, are 
hydrogen atoms and R> and R , have the mean- 
ing of Chapter I, first paragraph, and lirst 
sentence of the second paragraph. 

Chapter V. 

35 Compounds of the formula J may be oxi- 
dized to form compounds of the general for- 
mula K. In these formulae Q^'* is a methyl 
group and Q"^ is an aldehyde group or addi- 
tion compounds thereof or an -0-acyl group 

40 or Q** is hydrogen and Q"^ a — COOR 
group, in m^ch latter group R designates an 
aliphatic hydrocarbon radical with 1 to 6 car- 
bon atoms. If has the latter meaning, 
is always a hydrogen atom. The oxida- 

45 don can advantageoiisly be carried out in 
the manner described for the oxidation of 
compounds of the general formula D to form 
compounds of the general fonnula E. i.e. suit- 
able oxidizing agents are oxaat, chromium 

50 trioxide, alkali metal salts of chromic acid, for 
example, sodium- or potassium-tnchromate 
and furthermore potassium permanganate. 
The reaction may furthermore take plaix both 
tn a homogeneous, a heterogeneous and 

55 a^eous mednmi. The compound to be oxi- 
dized may be available bodi in a dissolved 
and in a suspended state. If a compound 
to be oxidized is converted in a homogeneous 
medium, suitable solvents are in the first place 

60 aliphatic or aromatic hydrocarbons, for ex- 
ample petroleum ether, ligroln, petrol or aro- 
matic hydrocarbons such as benzene, toluene 
or meslQrlene. Very suitable are found to be, 
moreover, a few halogenated, lower aliphatic 



hydrocarbons, for example, methylene di- 65 
chloride, ethyloie dichloride, chloroform, car- 
bon tetrachloride or monochlorobenzene. If 
the compound to be oxidized is available in 
a suspended state for the reaction, use is pre- 
ferably made of a polar solvent as a medium, 70 
for instance water. The oxidation with ozone 
can be readily carried out and is therefore to 
be^ preferred over the use of the other afore- 
said oxidizing agents. A compoimd of the 
formula J is pr^erably dissot^ in one of 75 
the aforesaid aliphatic, aromatic or halogen- 
ated aromatic or aliphatic hydrocarbons, after 
which ozone-containing air or o^en is 
passed duough die solution. It is advisable to 
keep the reaction temperature low. Within 80 
die ten^perature region of —100 to +30" C, 
satisfactory results were obtained. In a tem- 
perature region from —80 to +10' C, the 
results were best The concentration of the 
compound to be. ozonized is aot subjected to 85 
narrow Umits; it amounts to for example 

0. 5% by weight and the saturation concentra- 
tion. The selectivity of the ozonisation may be 
increased in the manner described in Chapter 

1. 90 

During the ozonisation an ozonide is 
formed, which yields, after decomposidon 
with reducing or oxidizing agents, a ketone 
of the formula K. As a reducing agent the 
agents referred to in Chapter I may be used. 95 
The decomposition of the ozonide is prefer- 
ably carried out with mild reducing agents, 
if R, and R: designate a 3-keto-A*-*- or a 3- 
keto-A*-^-system. If the ozonide wouM be 
decomposed by oxidation into a compound of 100 
the formula K, use could be made, for ex- 
ample, of hydrogen peroxide or an alkaline 
solution of potassium permanganate. The oxi- 
dation of a compound of the formula J with 
chromium trioxide may take place both m an 105 
alkaline^ a neutral or an acidic medium. An 
alkaline reaction medium is obtained, for ex- 
ample, by adduig to the mixture of the reac- 
tion constituents an organic, tertiary nitrogen 
base^ for mstance, pyridine, collidine, piperi- 110 
dine, chmolme, dimiethyl- or diethylanuine. 
If tlie reaction is carried out in an acidic 
medium this takes preferably place in die 
presence of a lower aliphatic carboxylic add, 
for instance acetic add, propionic acid, buty- 115 
ric add, valeric add, pentane carboxylic 
add, hexane carboxylic add, heptane car- 
boxylic acid or isobutyric add Instead of 
using an aliphatic carboxylic add, use may be 
made of an inorganic add, preferably sul- 120 
phuric acid. If the oxidation decomposition 
of a compound of the formula J takes place 
with potassium-, sodium, or anmumium 
bichromate, it is desirable that the reaction 
medium should be addle This is preferably 125 
achieved by adding sulphuric add to the re- 
action medium. 

Oxidation with potassium permanganate 



may^ take place both in alkaltne, neutral and 
acidic meunnL 

The xeacdon conditionB may otherwise be 
the same as indicated above for die oxidation 

5 with cfaiomitim trioxide. The xeaction is pat- 
ticulaxly suiable for being casing out with 
those compounds in which is a methyl 
group and an aldehyde group or addi- 
tion products of the latter compound (for 

10 instance HCM or bisu^hifie adcUtion com- 
pcnmds). The starting confounds are, in par- 
ticular« those in whkh Ri to R« and Ru 
have the meanings described in the first part 
of Chsq>ter L is furthermore prefetablbr 

15 a methyl grot^ and is a cyanhydrm 
gr^m. 

The advantage of the conversion of the 
aldehyde into an addition compound consists 
in that the aldehyde function m coniugation 

20 with a carbon-carbon double bond is fairly 
stable in oxidation, which is no longer the 
case when this structure is dissociated by die 
formadon of addition compounds. It should 
finally be noted that the compounds obtained 

25 in accordance with this part of the invention 
have important pharmacologic properties and 
may be employed for the syittfaeais of new 
compounds^ particularly, of compounds of 
the formula L. The compounds of the for- 

30 mula J may occur, owing to ds-transiscmieris- 
ation about the double bond a*''^' in two iso- 
mer configurations. 

The method described in this chapter is 
set out more fully in the Examples 3b and 3c 

35 and 24 for the production of the compounds 
of the formulae XVI and XLII. 

Chapter VI. 
The invention relates furthermore to the 
production of compounds of the general for- 
40 mula L ftm compoun ds of the general for- 
mula K. 

The conqpounds of the formula L contain 
two important subgroups, i.e. 
1) one in which R, is a hydrogen atom and 
45 Rfa, is a hydroxy- or an etherified or 
es teri fied hydroxy-group, 
2^ a second group in whidi R« is a satur- 
ated or an unsaturated aliphatic hydrocarbon 
radical widt 1 to 6 carbon atoms and in which 
50 Rio has the meaning indicated in the preced- 
ing paragraph. 

Ine conqiounds of the first subgroup are 
produced by reducing compounds of the 
general fonnula K with a reducing agent 
55 which is suitable for converting ketones into 
secondary alcohols, for example, with a cont* 
plex m^ hydride, that iq, containing two 
different metal atoms, for instance Ix&inn- 
aluminitnn hydride, sodium-boron-faydride; 
60 or with alummium-alkyl compounds for in- 
stance diethylaluminitunhydrid^ diisobutyl- 
aluminium hydride or triediylalumfnmm, llie 
reduction may also be carried out by catalytic 
hydrogenation with, for instance, hydrogen 



gas and palladium, platinum or Raney nicfcel 
as a cats^^ The reduction may fur±ennore 
be carried out by Meerwein Pondorf s method 
with aluminium isopropylate. A further suit- 
dale reduction method is that using an alkali 
metal and a lower aliphatic mono- or dialco- 70 
hd, for instance, sodium and etlumol, isopxp- 
panol, isobutand or glycol Finally a suit- 
able reducing agent is moreover an allali 
metal, and liquid ammonia, for exanaple 
lithium and ammonia. These reductions are 75 
blown &am liter a tu r e in details and need not 
be explained more fully. 

If, previous to the reduction, the starting 
substance of the formula K contained ring 
A a 3-lcetD groi^ it can sometimes not be 80 
avoided that durmg the reduction of the 17- 
keto groi^ also the 3-keto group is reduced. 
For die production of final products with a 3- 
keto groiq> it is in these cases desirable that 
after the reduction a selective oxidation should 85 
take place to convert a 3-hydroxy into a 3- 
keto group. This oxidation may be carried 
out in the presence of a double bond in the 
allyl position relative to the 3-hydroxy group 
with manganese dioxide in an anhj^brous 90 
medium at room temperature. Suitable sol- 
vents for the compound to be oxidized may 
be an aliphatic or aromatic hydrocarbon or a 
halogenated, aliphatic or aromatic hydrocar- 
bon. 95 

If it is desired to esterify either the 17- 
hydroxy or the 3-hydroxy group or both, tUs 
may take place by reacting the steroid con- 
cerned with an add halid^ for example the 
acidic chloride of an aliphatic carboxylic 100 
add with 1 to 8 carbon atoms or an aromatic 
carboxylic add preferably in die presence of 
pyridine to bind the hydrocUoric add set 
fnee. A antahle add ddoride is, for instance^ 
acetic add chloride or benzoyl chloride but 105 
more attractive is the use of an aliphatic add 
chloride with 5 to 8, preferably 6 carixm 
atoms, skce the 17'-esters thus obtained, in 
accordance' with other compounds, have a 
more favourable pharmaooligic activity and HO 
particularly a more prolong^ activity than 
the esters having a lower number of carbon 
atoms. 

If necessary, the reaction may be carried 
out with an add anhydride instead of an add 115 
chloride. Suitable add anhydrides are, in par- 
ticular, the anhydrides of the dibasic carboxy- 
lic adds, for instance, succinic anhydricie. 
However, also the anhydrides of the said ali- 
phatic carboxylic addls with 1 to 8 carbon 120 
atoms may be employed. Examples of this 
esterification are described in the Byflmpleg 
6, 7, 9 and 10. 

The compounds of the second subgroi^) are 
produced by reacting compounds of the 125 
general fonnula R with a Chrignard reagent, 
metal acetylide, or other equi^ent organo- 
metallic compound capable of reacting witii 
a 17-keto group. This reaction is particularly 
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-unportHot for dw-pfoducficm of those 

pooods in which J(o is a saturated or an un* 
saturated aliphatic radical with 1 tt> 6 car- 
bon atoms, preferably 1, 2 or 3 carbon attmis. 

For this reaction m principle, two methods 
say be used. According to the first method 
a compound of the fonnuk K is reacted with 
an alii^tic Grignard compound w^ 1 to 
6 carbon atoms, in which the Mg— Hlg group 
is bound to a carbon atom which has no 
double bond. In the second method a com- 
pcuid of the formula K is caused to react 
with a triple unsatomted metal aliphatic com- 
pound, in which the metal atom is bound 
15 to one of the two triple unsaturated carbcm 

acety- 



10 



20 



atoms. Such compound^, derived ^ 

lene or substituted acetylenes, are designated 
acetyiides. It should also be noted diat diis 
second mediod may also bs used for produc- 



mg com] 



50 



„ _ — Js which are otherwise formed 
only in ue first method, Le. by hydiogenation 
of the unsaturated compoimds obtained. 

When uaing the Gripiafd reaction At nor- 
mal conventional techmque may be employed, 
25 i^ an ethereal sdudcm of a compound of the 
formula K reacts with methyl magnesium 
btomicfe, ethyl magnesium bnnnide^ prc^I 
magnesium bromide, butyl magnesium bro- 
mide or isobut]^ magnesium bromide. If de- 
sired, use may be made of conespondmg 
chlorine or iodine oompotmds. 

The Gri^satd method is very suitable for 
the pioductian of lumisteroids according to 
the invention having a jff-hydrozy group aiid 
35 an « aDq^ group at the position 17, for in- 
stance a mcth]^-, a — C=CH[, a CH^GHj, 
a — air-CHa, a — CHr-C=CH or 
— CHr-CH=CH2 group. 
When using the second method use is pre- 
40 ferably made of a lithium-, sodiimi- or potas- 
sium compound, for instance die ethynilide or 
the oorresptHiding propargyl compound. The 
reaction may be carried out by dissolving an 
alkalimetal in liquid ammonia, passing a triple 
45 unsaturated aliphatic hydrocarbon through die 
mixture and by adding to this solution, which 
inay contain an aliphatic ether, for instance, 
diethykther, tetrahydrofuran or petroleum 
ether as a diluent, a solutioii of a 



50 compound of the formula K. After 
hydrolysis of the intermediate metal com- 
pound formed, a compound of the formula L 
is produced, \diich may be subjeaed, if de- 
sired, to complete or partial hydrogenadon of 

55 the unsaturated alkyl group R^. 

According to this second method com- 
pounds may be produced, whidi contain not 
<Hily a 17-09) OH-group, but also a group 

CsCH, — CH=CH5, — <3lr--CH3, 



^39 



CKr-CH, at the position 17. 

In the two medKxIs it must be oonsxdeied 
diat under certam circumstancea reactions at 



die carbon-atom" 3'nffly'take'placcrif "a IotT 
group is bound thereta 

This keto group may be '"protected** by 
conversion into an ether, an enamine or a 
glycdacetal. To diis end methods are known 
descrited in American F&^nt Specification 
2,774i777, German Fatent Specification 
954^695 and Swiss Patent Specification 
235,484. If not only a 3-fceto group but also 
an unsaturated double bond prevaib between 
die gpups 4 and 5, it is advisable durmg 
cthynilation at the carbon atom 17 to use 
two mcla of alkali metal in die presence of 
at least two mds of acetone, at a tempera- 
ture below -40^ C, preferably below -60^ 
C as described in G^man Patent lj}16,707. 

^ When using the Grignard method protec- 
tion of any 3-keto group is not required, if 
the reaction is earned cut with eqiumdar 
quantities of the Grignard compounds. 

^ It should be noted that during the produc- 
tion by the two medwds, the saturated or the 
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17-hydrQxy 



The reactions described in this Chapter 
are preferably carried out with those com- 90 
pounds hi which R, to R« and R„ have the 
mcaungs mentioned in the first part of 
Chapter I. 

IjMi reactions of this chapter are particu- 
larly ezplamed in Examples 4^ S, 6 and 7 and 95 
11 for the production of comiKmnds of the 
formulae XVn, XVin, XIX and XXH. 

chafter vn. 

For the preparation of ^ose compounds 
according to the invention which in me 17- 100 
position have a hydroxy or an ethetified or 
esterified hydroay group and furthermore an 
acetyl group, die fdkiwing should be pdnted 
out. 

The starting material preferably is a com- 105 
pound having the general formula J, m which 
is a mediyl group and an aUe- 
hvde group. TTie preparation of compounds 
<rf this group is described in Chapter IV. 

Subsequentiy, the starting materials are 110 
subjected to oxidation to form compounds 
having the formula M, after which these 
epoxyformates arc hydrolysed to form com- 
pounds having the formula N according to a 
method desaibsd in J. Am. Oiem. Soc. 79, 115 
pages 456 scq. q. (1957). According to this 
method, the oxidation is perfiwmed with a 
peracid, for example with monoparphthalic 
acid. Odier suitaMe peracids are pcracetic 
add and perbenzoic acid. The oxidatiiHi can 120 
be effected at a temperature between C C 
and 40** C Very good results were obtained 
at room temperature. Preferably, die reaction 
is performed in an inert solvent Suitable 
solvents are^ for example, ethyl acetate ben- 125 
zene, chloroform, tetrachbromethane, toluene, 
petroleum cdier, mediyl acetate. Tlie dura- 
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tkcL ol die reacdoa is from 10 miiniteft t» rcacy and (if zsqmnd, etherified or esterified) 
24 hours aoooidtDg to the tempetatore. At 17-<icet34 gEoap and a douUe hcmd hot no 
rcQin tempemme the reactx<m is oompletBd A' douUe bond. In these compounds, the 
after approKimately 16 hours. In this leac- A^ double bond can readily be intrcKioced by 
S tion, per nxofe of die initial material 2 moles dshydro^enatiasL with chlonmil (tetrachloio- 70 
of peradd are oonsmned while some of die benzoqumone). In this connecdon, we refer 
^tacid is decomposed daring die reacdon. to the discuBion of the preparation d com- 
Henoc^ ic is of importance to use from 2 to pounds containing a A^*' system in Chapter 
3 males of peracxd for each mole of the Vm of dus amuxcadon. 
10 initial mateziaL After decomposidon of any Details of the methods described in this 75 
excess of peradd, die formed (ep)oxidation chapter are fomid in i^ Samples 16 to 
pzoduct is hydrdysed. This may be cSkctsd 23 for the p rqparatM Hi of co m po u nds having 
both in alkaline and in add conditions. The dse formulas XXXH to Xjulviu. 
latter is preferred in order to avoid the tot- 
15 mation of I>hcmiostaroid8w In the case of Chapter Vni. 

alkaline hydrdyns, this side reacdon caii be For the preparation of that group of com- 80 
prevented by using mild reacdon condidons, pounds in acocidance with the invendon 
for example, room temperature and hydrolysis which is uxdicated in Fonnula Y;, where R:, 
with ^ dilute alcoholic aqueous solution of R.^ R«, R^, R^o aiid Ru have die meaiH 
20 caustic soda. ings mendoned hereinbdFore in the definidon 

The esterificadon of the 17-hydro^ group of the invendon, and R^ can repzesent not 85 
can be performed, after illation of the com- only the double bond present at 4 and 6- 
pound conoemed, with an excess for (example positions* but also a double bond in at least 
30 times the equivalent amouxit} of the an- one <tf die posidons 1, 15 and 16, and R^ 
25 hydride or, as the case may be, equivalent and R^ have the meaning mendoned, herein- 
amounts of add chloride of the add desired, before but not a halogen atom, suitable start- 90 
If required, in the esterificatioii a catalyst^ ing materials are compounds having the for- 
for esample paratoluene sulphonic add, is mula Ti, in which R], R^, R^ to Rn have die 
used. The esterification is pi^eraUy carried same meanings as in the R>£mula Ys and Rj 
30 cut under mild condidons, that is to say, likewise has me same meaning but cannot re- 
at a temperature of from 10" C to 30" C present a A' double bond, compounds of die 95 
and with the use of a solvent, for example Formula Yi are subjected to sdective 6^ 
acetic ad<^ in order to avdd the formatioil hydrogeiiadon. There are several suitable 
of D-homo'<3ompounds. metlums. According to one method, a com- 

35 The 3-enol esters can be produced in the pound having the Formula Yi is subjected to 
esteriflcadon of the 17-hydrasy group and halogenation with a halogenadng agent cn>- 100 
especially if the esterificadon is effected with able of introducing a halogen &tcm at du alfyl 
a large excess (fox exam|^ at least 100 times posidon of a double bond. A suitable halo- 
che equivalent amount) and without the u% genadng ageiit is, for esampk, N-biomo-suc- 
40 of a (uluent of die add anhydride or the add dnimide. By subsequent dehydrohalogenation, 
chloride. ^ hi both cases;, the reacdon takes a for examjile widi an add binder, preferably 105 
oomparadvely long time, that is to say, fam an organic base sodi a tertiary amine, fm ex- 
about 10 to 30 hours. The 3<nol-17-4^drmey. ample an organic base such as pyridine, colti- 
diester v/iudk may be produced, caii, if re- diiu^ dimeihylaniline;, or an inorganic hsudo- 
45 quired, be sapnufied under due action of all^ reacting compound, for exam^e caldnm 
<&lute addfl^ for ezamide a dilute solution of oxide or cakhim carbonate, if deored in d!e HO 
HQ or ^s^S04 in medianol or edianol, to presence of a suitaUe solvent, the desired 
form the 34Deto-17-^ydroKy-moncestsr. 34»Ki-A^ * compound of the Formula Y^ is 
The method described above can be applied produced. 
SO to the stardnff materials having die formula In anodier method, direct dehydrogena- 
J for which Q^, and X have the above- don with chloraDoil (tetradilorobenzoquinone) 115 
mentioned meanmgs. is used. This method is very attracdve. It is 

This method is fjardcularly suitable f<u: preferaUy carried out in a sdvent. Suital^ 
diose starting materials in whidi, in die soivenfis are^ for exaniple, aromadc hydrocar- 
55 group X, Ri to Rc and R|i have the meaning bons, such as benzene; toluene, xyteoe, ali- 
ii Oiapter ^ first para^aph and first sea- phatxc hydrocarbons, such as ligroin, petro- 120 
tence ci the second paragraph. letmi, lower aliphatic alcohol^ sudi as etnanol, 

^ It should be noted tha^ for the prepara- propanol propanQt-2, butand, butan(^2, ter- 
don of the compotmds in accordance with the dary butanol and tertiary amyl aloohoL Pre- 
60 invendon which omtaixi mter aUa a 3-ketD fer^ly use is made of the sdvents of whidi 
groups a A^'* unsaturated system, a 17-hyd- the boiling point exceeds SO"" C in order to 125 
rozy group which may be etherified but pre- enable the use of the highest possible reaction 
ferably is esterified, and a 17-acetyl group, as temperature and the highest po^ible reaction 
starting materials use can be made of the velcdty. A very suitaUe reaction temperature 
65 oompcunds whidi contam a 3-keto, 17-hyd- lies between 100^ C and ISO"* C m order 
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.to. jirevnit .the formao'on -of-bjMfehydtogea— 
ation products^ it is desirable not to use 
an esEoess <tf cUoranfl or no large 
escess thereof. 

The reactkms described In this Qiapter can 
be carried out very suitably with those com- 
pounds having the formula Ys fat vMch R| 
to R„ and Rit have the meaning given in dits 
diapter, R,o is a hydn^en atom or a hydioxy 
group which may be etherified or esterified 
and Kt is one <tf the groups — CHfCHJ— 
CHO, -CO-CH,, -ODOtO-acy], 
m^hvi-^ ethinyl-, cthylidene-, ethyl-, —00— 
CMfiQ. Ftoticukrly suitable starting matsri- 
15 als are those compounds havmg the Formula 
Yi for which R,, R„ R., R., R^, R, and Ru 
represent hydrogen atoms and R. is not only 
the double bond in the 4-position but also 
no other, or one double bo^ in the 1-posi- 
20 tion. Here also, R« and Ri« have the meaning 
given in the preceding paragraph. 

The methods described in this chapter are 
described more fully in the Examples 8, ISa, 
21, 22 and 23 for the preparation of com- 
25 pounds having the Formulas XX, XXVIL 
XXXVn, and XXXVUI. 

Qiapter DL 
Suitable starting materials for the prepar- 
ation of that group of compounds in accord- 
30 ance with the invention, iimch is indicated 
by the Formula Z, are compounds <tf the 
Formula Zc 

The compounds having the Formula 2^ 
can be prq^ared from compounds having the 
35 Formula 2f(. 

Compounds having the formula Zt can also 
be converted to compounds having the For- 
mula Za by means of a reaction with lead 
tetra-acetate or by microbiological hydroxy- 
40 lation, followed if requined by ether&cation 
or esterification of any free 21-hydrasy group 
formed. 

In these formulae, Ri to R^ and Ri^ and 
Rii have the meanings mentioned hereinbs- 

45 fore In the definition of the invention, while 
HIg is a halogen atom and R,;. is a hydroxy 
or an etherified or esterified hydroxy group. 

The conversion of compounds luviog the 
Formub Zi to compounds having the Formula 

50 may be effected^ by condensatioxl under 
anhydrous conditions witli a diallrj^ ester of 
oxalic add in the presence of an alkali-metal 
altodde in a solvent If the steroid slede- 
ton at the 3-position has a keto group, and if 

55 in the allyl-position with reject to this ksto 
g^u|> substitutkm can take place, this reac- 
tion is preferably perfonned with equimolar 
amounts of dialkyl oxalic ester. Suitable alkyl 
esters <^ oxalic add are, for example, the di- 

60 methyl- an^ diediyl-esters. Suitable alkali 
metal alkoxides are, for example, sodium or 
potassium methoxide or ethoodde. Suitable 
solvents are, for example^ aromatic and ali- 
phatic hydrocarbons and lower aliphatic al- 



- cchol s-<M^-Iagt^ge»- of-these- substances^ fdr^fiS- 
example, petroleum ether, benzene, %roin^ 
toluene^ xylene, medianol and ethanoL The 
temperatore <rf the reaction preferably lies 
between 15** C. and the boiling temperature 
cf the reaction mixtuie. 70 

The compounds poduoed (Formula Z,„) 
can be converted to omipounds having the 
Fmcmula % by the action of mdecular halo- 
gen, preferably bromine or Iodine, in the pre- 
sence cf a solvent, preCetaUy a lower ali- 75 
phatk alcohol for szam^e methanol or eth- 
and. The temperature of die leactioa is pre- 
ferably kept between -80' C and +10*^ C. 
A temperature between — 10° C and —20** 
C has proved very suitaUe. The reaction 80 
product obtained can be decomposed for ex- 
ample with an alkali metal alfcma dp j, for ex- 
ample, with sodium methoxkle in a advent, 
for example methanol) to jffoduce a cooh 
pcund having the Formula Zs. aS 

The converdon of a compound having the 
formula Zi into a compound <tf the Fdirmula 
Za is effected by acylation. A sultaUe reac- 
tion is a reaction under anhydrous conditlras 
with an alkali or an alkah'ne earth salt of an 90 
oigmic carboxylic add preferably as a dis- 
persion, for example the K or ue Na salts 
of one of the carbcxyltc adds mentioned in 
the Examples 7, 10^ 20 and 23. In this 
reaction, compounds are produced whidi 95 
have the Formula Z^ and for which Rq is an 
esterified hydroxy group. This group can be 
converted to a hydroxy group in the normal 
manner by saponification and this hydroxy 
group can, if required, be converted to tibe 100 
cotresjpondiiig etherified hydroxy groups by 
etherification. 

Tb& reaction described in this chapter is of 
particular importance with respect to those 
compounds of the Formulas Zi and Zs f<» 105 
which R, is hydrogen, R3 is a double bond in 
at least one of the positions 1, 4^ 6 iff 16, R, 
IS a methj^ group or a hydrogen atom, R^ is 
a keta group or a hydroxy group vtiiich may 
have been esterified or etherified in the man- 110 
ner described in the Examples 7, 10, 20 and 
23, R... is a hydrogen atom, R^ is a hydroxy 
group which may be etherified or esterified 
in the manner desaibed in the Examples 7, 
10, 20 and 23 or a chlorine or fluorine atcan 115 
or a hydrogen atom, R^ is a hydrogen atom 
c r a fl uorine atom, R, is a keto- or a hydroxy 
group or a hydrogen atom, R,„ is a hydrogen 
atom^ or a hydroxy group which may be 
etherifled or esterified as described in one 120 
of die Examples 7, 10, 20 or 23, and R„ 
is a hydrogen atom, a methyl group <a a hyd- 
roxy group which may be etherified or esteri- 
fied in the manner described in the Brnmplfft 
7, 10, 20 or 23. ^ 125 

The method desaibed in diis Chapter is 
described more fully m the Examples 2a, 2b 
and 2c for the preparation of onnpounds 
having die Formulas DC, X and XL 
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CbAPTER X 

F<tc the productiQa of that group of com- 
pounds aoooxding to die invendoii which is 
indicated by the formula Ss, wherein Ri, R„ 

5 Rqi Rs, Rg5 Rqj Rig and Ru have die 
menningB indicated in the definition of the 
invention, and Ra can be not only the akeady 
availabie doul^ bond at die posidon 1 but 
also a double bond at one or moze of the 

10 positicais 4> 5, 6^ 15 and ld» the starting 
material may bs compounds <^ the fcmnula 
Si, wherem R^, Rj to Ru have die same 
meanings as in foxmida S* and R« also has 
the same meaning, but cannot be a double 

15 bond at die posidon 1, by subjecting com- 
pounds of the formula Si to selective A'-de- 
hydrogenadcn and, if desired, by converting 
die compounds obtained of die general for- 
mula Ss into dieir funcdonal derivatives. To 

20 this end various mediods may be used. 

In one method the double bond at the 
poaidozi 1 of die compounds of the Formula 
Si is introduced by halogenadon of these 
compounds at the position % followed by eli- 

25 minatifHi <i£ hydn^en halide. 

According to a furdier mediod the intro-* 
ducdon of the dotible bond into die com- 
pounds of the formula Si takes place by 
direct biochemical dehydrogenadon. In a 

50 furdkr method direct dehydrcgeiiatioa at die 
posidon 1 of the compomnls of the formula S| 
takes place by treating diese compounds with 
iodine pentozide or iodic add ot with a 
compound ^pabteof p^^ dumg die 

3> reactum iodine pemoxide or iodic add. 

A very suitable method is that in which 
direct deh];^genad<ai of the single bond at 
the positkni 1 is obtained by treating oom- 
pouxKls of the formula Si with seknram di- 

40 oxide or selenic add. Tliis dehydrogeaadoii 
takes place i»e£eraUy in an aqueous or a 
non-aqueous organic solvent such as a lower 
aliphatic akoAicL PrefeiaUy the reaction is 
carried out in die prince ot a tertiaty alco- 

45 h(A, tot instance tertiary butanol or tertiaiy 
amyl alcohoL Suitable sdvedts may fa& m 
instance^ if desired mised widi one of die 
aforesaid tertiaiy alcohoisi lower primary and 
secondary aliphatic alcohds, for esample 

50 methanol, ethand, popanol, isopropaiuHt 
ediylen^ycd, aliphatic or armnatic hydio- 
carb<m8» for instance, hexane or benzene, aU- 
phatk or aromatic ethers, such as etfaylether, 
dibu^kdierj or anisole. Use may furthermore 

55 be made, as sohenti of carbon tetrachloride, 
pyridine, eth^acetate and acetonkrile or 
mixtures of all these solvents. 

The reaction may be accelerated by adding 
an inorganic or organic add, preferably an 

60 alif^adc carboxylk add such as acedc add, 
propionic acid or benzoic add. Some of these 
organic adds, for example, acedc add and 
propimiic add may serve at the same time 
as a solvent for the reacdon constituents. If 

65 the reactioii is carried out in the presence 



of water or a solvent miicable with water, for 
example akohd, the addition of an add dif- 
fedng £rom fl^eOs is not absolutely neces- 
sary for die aocderadim die reaction. 

The reacdon takes {dace preferably at a 7( 
temperature between room tempcxatuie and 
the boiling point of the reacd<nl mixture, pte- 
fierably at the eadusion of oxygen, for ex- 
ample, under nitrogen. 

In general use is made of the quantity of 7f 
ia>lentinn dloxide Calculated for the introduc- 
tion fil a double bond. However, if an excess 
quantity of selenium dioxide is added, this 
excess quandty is decomposed at the termi- 
nadcn of the reaction widi a reducing agem, 8( 
for example, sulphur dioxide or lead acetate. 

The reaction described m this diapter may 
be very suitably carried out with those com- 
pounds of the formula Si in which Ri to R^ 
and Tu have the meanings referred to in this 8! 
chapter, is a hydrogen atcsn or a hycbtxxy 
group whidi may be etherized or esterified, 
and K« is one of the groims •--CH(CH,).CHO, 
— 0CX--<2I„ CO— CEU— O-acyl, methyK 
ethinyH ediylidale-y ethyh — 00-OIeOH. 9( 
J^trdculady suital^ starting substances are 
those compounds <tf the formula Si in which 
Ri> Rsj R^} Ro> Rn R« 3nd Rii are h3fdrogen 
atoms, Re is a sin^ or a double bond at the 
posidon 4 or double bonds at die posidons 4 9f 
and 6^ II, and R^ have also the meanings 
indicated id the preceding para^ph. 

The methods oescribed in this diapter are 
explained in trample 13 f<^ the production 
of die compound of die formula XXIV. 10 

Chapter XL 

For the production of that group of com- 
pounds according to the invention indicated 
by the formula T,, ^niierein Ri, R;,, R«, Rp 
BL^ Rij4 Riu and Rn have the meaning indi- 10 
catied in the definition ni the invention and 
Ra may be a douUe bond at one or more 
of the positions 4^ 5, 6, 15 and/or 16^ whilst 
ASk is a mediyl- or an ethyl-group^ starr- 
. ing material may be compoimds of die for- 1I> 
mnla Tf, wherein Ri to Ru have the same 
meanings as in the formula T^, the production 
being carried out hy condensing compounds of 
the fonnula Ti widi a dialkyl ester of oxalic 
add sudft as the dimediyl or diediyl ester II 
id the presence of a condensing agent, pro- 
ducts being obtained of, the formula Ts, 
wherein Ri to Rn have the' same meanings as 
in the formula T^ and Rt* is an alkyl group. 

The compounds of the formula T- are 12 
then caused to react with a meth^ or ethyl- 
haliife and the compounds mentioned herein 
are finally subjected xo a treatment widi 
an alkali metal allnsxide, compounds of ^ 
formula T, being thus obtained. 12! 

The conversion of the compounds of the 
formula Ti into compounds of the formula T3 
is preferably carried out in anhydrous con- 
ditions with esters of lower aliphatic alco- 



bob^ for instance, merhanol, ethanol, pio- 
panoly id Ofltalic add 

Suitable condexising agents for this reac- 
tion are, for instanoe» aUcali metal hydrides 

5 such as sodium hydride or an alkali metal 
aikoside such as sodium methylate. The reac- 
tion is preferabW carried out in the presence 
of a solvent Suitable sdvents in ^is case 
are, for instance, lower aliphatk alcohols^ 

10 sudi as tertiary butylalcohol or aromatic or 
alipbitic hydrocarbons such as benzene or 
lig^oin. 

The reactioil takes place preferably at a 
temperature between 10"* C. and the boiling 
15 point at the reacdoa mixture. 

After the conversion of die alkali metal 
enobttea obtained for example with the aid of 
an add, compounds of die formula Ts are 
obtained 

20 The reaction of the compounds of the 
formula Ta widi methyl-or ediylhalide is pre- 
ferably carried out wtdi iodides or bronides. 
If desired, a solvent may be added to die 
reaction mixture, use may be mads for cx- 
25 ample, of aliphatic loetones sudi as aoemne or 
inethyl-ethyl£etone. To the reactioa mixture 
is preferably added a coodensing agent such 
as an alkali metal carbonate, or an alkali metal 
bicarbonate such as potassium carixmate or 
30 sodium bicarbonate. The reactioa takes place 
preferably at a temperature between room 
temperature and the boiling temperature of 
the reactioil mixture. The reaction duration 
may vary strongly in accordance with the 
S5 reaction temperature, for example, between 
half an hour and 45 hours. 

The reaction products obtained can be sub- 
jected, in order to obtain compounds of the 
formula T,^ to a reaction widi an alkali metal 
40 alkoxide, under anhydrous conditions. Suit- 
able allrali metal alkooddes are, for instance, 
the Na-^ K- or li-oompounds of lower ali- 
phatic akohols, for example, methanol, etha* 
nol, propanol or tertiary butylalcohols. 
45 Al»o this reaction is pr^erably carried in 
anhydrous conditions in a solvent. Suitable 
solvents are, loi instaiice, lower aliphatic al- 
cohds, for exam]^ medianol, ethand, pro- 
panol or terdaxy butanoL The reaction tem- 
50 perature is preferably chosen to lie between 
lO" C and the boiling temperature of the 
reaction mixture. 

The reacdoos described in this chapter may 
be suitably carried out with dwse amipotmds 
55 of die formuhi Tt wherein R, to R« and Rn 
have the meanings indicated in this chapter, 
Rio is a hydrogen atom or a hydrcacy group 
which may be edierified or esterified, and R« 
is one of the groups: 

--CH(CH.)^0, -OD-CH,, 
GUiCVacy^ methyl-, ethinyl-, ediyiidene-^ 
cdiyl- or — OO--CH5OIL 

Particularly suitable starting subsequences 
are those compounds of the formula Ti where- 
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in Ri, R3, R„ Kj, R, and Ru are hydrogen 65 
atoms, Rj is a single bcmd or a double bond 
at the position 4^ or double bonds at die 
positions 4 and 6 or 4 and 7. R^ and Ri, 
nave also in this case the meanings i nd ica ted 
in the preceding paragraj^ 70 

The methods described in this chapter are 
set out in the Esampte 14a and 14b for the 
in:oducti<m of the compounds of the fonnula 
XXV and XXVI respecdvdy. 

One or mose of die UdogicaUy active 75 
compounds in accordance with die inven- 
tion can be worked into phannaceotical pro- 
parations in the amrentiona] manner, for ck- 

dispersed 



in a solid or liquid 







• 















It If the com- 



mto tablets or dragfis in the usual manner. 
For example, tablets €i 200 mg» are made 
which contain frcmt I to 10 mra of active 
ingredient and furthermore a ve&le^ for ex- 
ample laaose or staidi, and a lubricant talc 
and/or magneahmi stearat^ and, if required, 
flavouring or colouring matter. 

For the preparati<m of injection liquids, the 
active compounds can be dissdved or dis- 
persed in water, if required widi the addition 
of a buffer, a sofaibikQr promoter or a dis- 
*ig agaat 
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RX&MPLB lA 

By very vig^oously stirring 125 gs of 95 
A^-'^lumista-tiiene-a-one (Formula I) was 
dissolved at +10* C in 2J5 litres of dry 
pfopanoi-2, which had previously been satur- 
ated with dry hydrochlmc acid gas. After 
another half hour of passing over a slow flow 100 
of hydroddoric add gas, & liquid was de- 
canted as rapidly as possible, whilst stirring, 
into a mixture of solid sodium Ucarbonate 
and a saturated bicarbcmate solution, ob- 
tained by stirring 4 kgs. of sodram bicarbo- 105 
nate^ with 8 litres of water. After standing 
some time the yellowish isopropanol layer was 
separated off and the salt layer twice extracted 
widi one litre of petroleum etiier. The too 
ether layers were dien washed with a scdhun 110 
bicarbonate solution and water (three times), 
then dried on sodium sulphate and evaporated 
to dryn ess after filtering. TTie ultraviolet 
absorption spectrum exhibited a mgTin%im% 

287 m/i, of whidi the B is 562 (con- 115 

I cm ^ 

tent <rf pure substance about 85%), 

The residue obtained was dissolved in 250 
mis of boiling petrdeum edier (40 to 60** C) 
and crystallized at -S*' C for a few hours 
and finally by nig}it at —25* C Filtering 120 
yielded 80.5 gs of A-^ '-^-Inmistatriene-S-one 
(Fonnula II) with a melting point of 99 to 
1003- C (yieki good 64%). A portion <rf 
tile substance was recry8talli2%d several times 
widi petrdeum etiier for analysis, the mdt- 125 
ing point rising to 101—102° G 



22 



.929;271. 



(o!)d'"'=-632'* (CHaa).f(A=287 iiv*)=26200 

Found: C BSfi7% H 10^ 



85.68% 10.77% 



Oaicalatod for QAsQ: 8522% H 10.73 



o/ 

/0» 
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la the in&ared spectrum were fband apart 
fam the 964 ou'*'^ band for die side chain 
tran»«di3fiene bond three chaiactsristic bands 
at 1586, 1622 and 1661 cm-'. 

Example 1b. 
Whilst sticting vigoacously, a soludon of 
3.0 gs of A^**-'Mimii8tatxxene-3-<uie ^nnula 
n) in 300 mis of diy diediyl edux was added 
to 450 mis <d IkpM «™vwifa. During 
the additioa of tlie first portion of the sohi- 
15 tion the liquid crystoUiBBd ouCi but was agaii 
dissolved after a larger pordoa had been 
added. Then, whilst vigoRmsly stining« a 
sotntian of 420 mgs of lithium in 100 mis 
of ammonia was carefully added in drops, 
20 until no ^ntaneous decolouring occnned 
any mote. After dr^ipinff in 90 mb of dry 
etfaano^ storing was conimued fct 30 minutes, 
the mixture was dihited with water and the 
reduction product was dimolved in diethyl 
25 ether. The ethereal extracts wete ihcooughly 
washed with water, dried on Na^SOj^ fihered 
and evaporated to dryness;, a lig^t-^ellow 
resin being obtained. 

(B (A^242 m/0=196). 



The resin was dissolved in 100 mis of boiling 30 
ethanol and aftsr the addidon of 6 mlsof 
2N NaOH boiled for five minutes, after 
which cotding was performed rapidly. By dilut- 
ing with water, extracting with diethykther, 
washing die ethereal laysrs widi water, drying 35 
filtering and evaporatinff to dryness, a light- 
brcwn, completely solid residue was finally 

obtained widi E (A„„ 242 ma)=42a 

This substance was chrcmatographed in 24 
mis of puce benzene <m 30 gs of A1.Q, (III) 40 
and ehited with die same sdvem (total 75 
mis), a daxk brown ring remaining at the 
upper end of the column. The dry ^iiate was 
recrystallized with 45 mis of methanol at 
+5^ C after whkh die filtered product was 45 
washed with 20 mis of metbancl of —24*' C. 
The yield were long light-brown needles (15 
to 2 cms in len|^i) weight 2.43 gs and 
melting point 122 to 124° C 

500 mgs of ths*substance were recrystal- 50 
Itzed twice with 3 mis cf acemne at —5" C, 
after which finally 313 mps of colouriess 
crystals of A^^4uniistadKiie-3-one was 
obtamed (Formula III). 
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£(X 242m/0=16.80O, meldng point 1 
(rt)D'^=-125» (CHa,) 



122—124" C 
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CUculated for CuHjO- 

In the in&ared spectrum an intensity band 
was found at 1665 cm*', a slighdy weaker 
band at 1620 cm-^ a weak band at 962 cm*" 
and a aligjidy more intense band at 978 cm*'. 
In a mixture of 750 mis of ficeshly distilled 
65 med^lene chloride and 5.75 mis of dry ^ri- 
dine^ 20 gs of A^-^-lumistadiene-S-one for- 
mula m) was dissolved and the mixture, 
whilst stirring magnetically at ^80^ C (hyd* 
rocarboQ. ice acetone fre^dng mixture) ozo^ 
nized for 4 hours and a half. $.205 mt^ ozone 
ndn), speed of passfa^ <Hcygen (=V05)=9 
to 10 1/hour). The <»^uds formed was dien 
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it with a suspsnsioii of 20 gs of zmc dus^ 



75 after the additi(Hi of 105 mis of glacial acedc 
add. The reaction mixture was msn warmed 
for 3 minutes at 35"* C and dien the solid 
substance was separated out by filtering. After 
the addititm of ice the filtrate was washed 

80 successively with 75 mis and 50 mis of ice- 



C 84.98% H 1056% 
C 84.89% H 11.03% 
= C 84.79?i H 11.17% 

coM 10%. Na^OOa-^olution, 50 mis of 10% 
NaOH soludon of O"" C and 4 x300 mis of 
icewater. 

The methylene chloride layer was then 
dried on Na^^O^, filtered and the filtrate was 
distilled to dryness, the last part of which 
was carried out in vacua "Die colourless, 
praaically completely crystalline residue was 
recrystallized widi 50 mis of diethyl ether 
at —25* C, die first crjratallate being 10.1 
gs of 34^to4unii-bis-nor<h(^-4-en-22-al of 
the formula IV (of the lumisterd series) with 
a meking point of 119 to 12r C Repeated 
recrystallisadon with petroleum ether (boiling 
radge 40 to 60** C), to whidi. a few drops 
of ethylalcohoi had b^ added, and with 
ethyl ether^ raised the melting coint to 122 — 
123' C 

The further analydc data of the pui^ sub- 
stance were: — XOO 
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B(X^ 242.5 mtt)=16,700 (a)n''==-144'» C (GHQO 

Found: C 79.87% H 9.73% 
C 80.06% H 9.81% 
Calculated for CJB»Qt: C 80.42% H 9.82% 
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The infraied qmtrum exliflnted characteris- 
tic bands at 1712, 1642 and 1610 cm-\ 

EXAMPLB IC 

A sdndon <rf 450 ings of aldehyde, ob- 
tained as described in Example lb O^crmok 
IV) in^ IS mis of cUorofcnn and 25 mis 
<rf acetic add, was oxidized at about 30"* C 
for 16 bonra by means of 200 mgs of chzo- 
mic add and 02 mis of water dissobed 
m the mixture. 

After die earcess of chromic add had been 
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Example Id. 
A solution of 450 mgs of ozonide in 25 

30 mis of methylene<hIondc obtained in die 
manner described in Example Ib^ by ozoniz- 
A*-^.lumi8tadiene-3-onc, was oxidized 
with a solution of 200 mgs of chromic add 
in 25 mis of acetic add ovcmigjit at 30** C 

30 The excess quantity of chromic add was then 
dcconmosed by stirring with 2 mis of meth- 
anol for 30 minucea. After dilution widi 
water the mixture was dissolved in diethyl 
ether and the cthciHmethykiic chloride extract 

40 was extracted three times with 50 mis of 2% 
<rf NaOH. These aqueous lavers were com- 
bined, and washed with diemyi ether to r&. 
move residues of neutral constituents. The 
&ee organic add was liberated by acidifying 

» widi concentrated hydrochloric add and ex- 
trated widi diedi3^thcr. After neutral wash- 

Sg with water, die mixture was dried on 
aeSO^, filtered and finally evaporated u> 
dryness, die yidd was 240 mgs or crystalline 
50 residue. A crystallisation with methanol at 
— 5' C vidded 150 mgs of 3-keto-lumi-bis- 
nor<hol-4-enMdd (Formula V) widi a mdt- 
ingpoint of 200 tD 203* C 

The substance obtained did not exhibit 
a drop in mdting pomt during mixture 



B(X^^ 242 nv«)=16800 

Calculated for CJljy^: C 76.70% H 9.36% 

Found: C 7653% H 9.45% 
C 76.92% H 9.48% 



decomposed by stirring for 30 minutes with 
1.5 mis of methanol, tie mixture was diluted 
widi water and the product predpitated was 
dissolved in benzene. The baizene extract 
was washed with water to neutral reaction, 
dried on NajSO^ and filtered. After evapor- 
ation to dryness a crystalline residue was ob- 
tained, which, by crystallisatioii with diethyl 
edicr, yielded 340 mgs of 3-keto4umi-bls-nor- 
chd-4-ene^ (Formula V), melting point 
194 to 198** C Several recrystallisations raised 
the mdting point to 202 to 204** C 
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witii a substance obtained by Example Ic. 

EXAMPLB l£ 

A solution of 300 mgs of die aldehyde 
(Foamula IV) obtained by ozaoizatkm of 
A '~-lumistadiene-3-one, was heated in 5 mis 
of <by benzene, after the additi<m of 0.11 mis 
of dry, fredilv distilled piperidine and 1 to 
5 mgs of f -coluenMulphoBiic add, for 3 hours 
under under reflux, the refluxhig benzene 
being dripped, to remove die water fonned, 
throu^ powdered BaO in an exizacdoQ 
column* 

After coding the reaction mixture was 

poured cut in water, dissolved in diethyl 

etiier and then washed adequatdy four thnes 

with water. The ether-benzene layer dried on 

NbsSQa and filtered was dried to complete 

dryness in vacuo. The resinous residue was 

stirred at -15^ C widi 3 mis of medianol 

and, after recrystallisation, cooled at —25* C 

for 2 hours. FUtering yielded 185 mgs of 

needles with a melting point of 88 to 93^ C 

of a compound of Formula VI, i.e. A*-**'^'-22. 

(N - juperidino) - lumi-bifr4iQr-choladiene-3- 
one. 

Two recrystallisatioiis with methanol raised 
the melting point to 94 — ^96"* C 
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The mfrared spectrum exhibited an intensive 
band at 1660 cm-^ whidi overlapped di&- 

90 tincdy a band with lower extinction at 1650 
cm-*. Apart from a band at 1610 cm-' a 
weaker band was found at 874 cm-'. After 
a few small charges of enamine were pro- 
duced in a similar mariner, m whkh the &al 

95 substance had a mdting point of 94 to 95^ 
C, the i»cduction on a large scale was started. 
An enamine with a different mdting point 
(114 to 115** C) was obtained in large quan- 



E(A^, 2413 m,u)~21.800 
(of)D="=-139« (CHO,) 

Found: C 81.72% H 10.64% N 3.60% 

^ t 1 J ^ ^ ^^•'78% H 10.67% N 3.66% 

Calculated for Q,H,,NO: C 8157% H 10.45% N 3.54% 



tides. FtohMj diis is due to cift-i 



ISO* 
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A solution of 10 mgs of the alddiyde 
accordujg to Formula IV was boiled in 180 
mis of dry benzene widi 3.8 mis of piperidine 
md 30 mgs of ^mhienesnlphonic aod f 3 
hcurs under nitrogen under reflux. The reflux. 105 
mg Iiqmd was dried through powdered barium 
oxide. The reaction mixture was dien dried 
to complete dryness in vacuo, a crystalline 
residue of 123 gs bdng obtained, which, after 
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lecrystalltsadon with 10 mis cf methanol, 
yielded 93 p of enamine of die Fonmila VI, 
melting point to 107— -lir C A portion 
of the substance, which was adequately pore 
5 for further prooessing, was recrystoinzad 
several times with acetone for analpis until 
a constant melting point of 114 — ^115"* C was 
attained. 

The further analysis data found were: — 
10 WK^ 2415 m,a)=22,000 

-123^ (CHQ,) 
C 81.87% H 10.49% N 3.42% 
C 81.98% H 10.47% N 3.63% 
The infrared spectrum of this substance dif- 
15 fered only on details finmi that of the pre- 
paration having a mehing point of 94 to 96° 
C die characterisdc bands found for the said 
substance were also found in this case. 



obtained, Le. A^-°'^^^m^4BS^H^^<iholadiene^^ 35 
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Bkamplb If 
20 To a sohxdon of 1 g of aldehyde (Formula 
IV) obtained as described in Bxample Id, 
in 50 mis of freshly distilled acetic add an- 
~ ide was added 0.5 g of fteshly mehed 
Na-ooetate and the mixture was zefiuaed in 
25 a nittogen atmoaphece. 

Then the sc^vent was distilled off as far 
. as possiUe under reduced pressure (about 10 
mmnces) and die reaulQe obtained was dis- 
solved m 25 mis of chlorolonn. The non-dis- 
30 adved Nar«oetate was filtered off, die filter 
was wasited widi a smaU quanti^ of chkco- 
fscm and the filtrate was cmnpletgd with the 
same aoJvoit to 125 mis, a soludon of die 
aooocding to Formnla Vn beit^ 



EX&MPLB 1g 

A soludon of 300 mgs of enamine (For- 
mula VI) d^mdino-) <tf the aldehyde, ob- 
tained by ozonizadod ci A'*^-Iufnistndime-3- 40 
one in 4J mis of dry thiophene-free benzene, 
was added in drops at —5* C — 1-5** C, 
whilst stirrings dunng 45 minutes, to a' solu- 
don of 453 mgs of sodium bichromate (2 aq) 
in 45 mis of acetic acid and 3 mis d ben- 45 
zene. After stirring for 2 hours at 0° C> 
0.75 ml cl methanol was added to the dark- 
ccdoured soludon and at the same tempera- 
ture stirring was continued for 30 minutes. 

The reacd<m mixture was processed by 
pouring it out in 25 mis of water and extrac- 
don with boizene. Tbe saturated benzene 
extracts were then washed with water, 3 mis 
of cold 10% NaOH soludon (twice) water> 
3 mis of cold 10% hydrochloric add sdudon 
and water (four times). From die sdndon 
dried on KaeS04, filtered and evapooOBd to 
dryness was finally obtained a oomidetely 
crystalline residue. 

This was dissolved in 1 ml of methylene 
chloride and 4 mis of petrdeum edier was 
added at boHing temperatarc Tbe crystaOisa- 
don ccanpleted at -25'' C yidded 150 mgs 
of Hgjit-ydloWx hard crystal blocfcs widi a 
meldng jromt of 161 to KB"* C (hmiqxogre». 65 
terone) ^kirmula Vm). A repeated recrystal- 
lizatkm yielded 130 mgs mth a meltuig point 
of 163—164** C 
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E(A^ 241J m.tt)=16,800. (a)i,**=62'' (OIOJ 

Found: C 79.90% H 9.75% 
C 79.89% H 9.75% 
Cakolated for CnHaoQi: C 80JS0% H 926% 
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The infrared spectrum e^diibited strong tsmds 
at 1690 cm'^ and 1662 an**' and a weaker 
band at 1615 cm"'. 

Example la 
To a soludon of 1 g of aldehyde (Formula 
IV), (obtained as desaibed in Esamide lb) 
in 50 mis of freshly distilled acedc anhydride 
was added 03 p of freshly meLted NMoe- 
tate and die mixtare xefluxed for 16 hours 
m a nitrogen atmosphere. 

Then me solvent was distilled off as far 
as possible under reduced pressure (about 10 
mm Hg) and die residue obtained was dis- 
soived in 25 mis of ddorafcom. Tbt tfoo-dis- 
sdlved Ma^tcetate was filtered nS, die fih 
was washed again widi a small quantity of 
chlorofQaan ai^ the filtrate was oompieted 
90 widi the same scdvent to 150 mis. A soludon 
of die compound of Fonnola VII was 
obtained. 

Under cod&ig with ice water the sohiticm 
was ozonized 14 minotes^ 10.5 mgs ct 
95 omat hang absorbed per minute. Tben> after 
die addition <tf 15 mis of acedc add and 2 



gs of zinc substance for 10 minutes the mix- 
ture was shaken and after filtering the solu- 
don was washed with 10% NaOu, soludon 
and water (to neutral reacticm). The solution 100 
dried on NasS04, filtered and evaporated to 
dryness, was thai refluxed for hydrolisadon 
of any 3-eiiolacetate. for 45 minutes in 45 
mis d medianol and 25 mis of (NH4):S0«. 
After conoeit t r a t i Mi m vacuo down to half the 105 
volume die organic substance was dissolved 
in dieth^ edier and dse edieieal extract was 
washed widi 10% NaOH sdudon and water 
(to neutral xeactiaa), dried on NaaSQ., 
evaporated to draiess and fin^ crystaUisBed 110 
with 3 mis of meth^ edber. The arystalbte 



obtained was recryslallssed with a 
of mediyiene dikiride add f^hexane, die yield 
being 113 mgs of substance with a mddng 
pohit of 160—163'* C The substance did 



hi meldng Mint widi 



115 



not 
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1 



tt a D 



till* u-;u« 



as described in 



rone obi 

Example' IgT 

<a)D'°— — 61J C (GHQa) (mean vahie of 
-62.1** arid -60.9^). 



120 



10 



20 



EZAMPLB 2a 

In 9 mixture of 70 m]s of dry taizeoe and 
12 mis of 2.86 Na-medioxEde in dry mob- 
anol was introduced 32 mis of anlmbous 
cchanol and the mixture was coooeotiattd 
under Na «> about 30 mis. After cooling, 
\^*ilst stirrings the paste had added to it, 
8.€ mis of freshly distilkd (fioivl-ogBdafie^ so 
that the teacticm mixcure tecaone qiute dean 
A «*^^Qf 10 gs of tomipragestcffone (Foi^ 
mma VIII), Prepared as described in Examine 
1 g, m 70 mis of dry benzene was dun ad&d 
aU at once and s&rrmg was oontmued ior 
about 90 mixHices. By driving in r^idly 400 
13 mis of dry diethykther the pxedpHate cf die 
Na-enolate was completed. After siiEijng in 
addition fw 45 minutes d)e substance was fil- 
tered and washed adequately with 100 mis of 
dry dicdiyledier; after dryu^ for 15 hours, 
on conomtrated H.SO^ 10.8 es of ycHow 
Na-enolate <^ 21-ethoz7-oxalyHuQU-4noges- 
tenme (Formula IX) was obtained. 

Example 2b 
The Na-donate thus obtained was 
25 solved at -20° C, whilst srfiring, in a 
gen atmosphere, in 150 mb of dry medianoL 
At the same tcmpcracure, whilst sdmng, a 
sohition of 5.9 gs of iodine in 210 mis of 
.dry methanol was added within 14 mmutes to 
30 die reaction mixture and stiiring was con- 
tinued for 90 m inutes. The decMnposiiwm of 
the iodine oompoimd was carried out fa^ add- 
mg 6.6 mis of 3 J6 N Na-methoxide sdudon 
m dr y meth anoi and Acn, ^t 0<^ C, for <«ie 
nour, sdnrxng was continued. From die sohi- 
non obtained the reaodon product was ptec^ 
phated by dripping in whrac sdtring, <tong 
45 minuies, 90 mb of water and by addmg 
subsequendy 120 gs of mbmi ddoride. 



dis- 



Tlie filter ed de posit, rfter washh^ ade- 40 
Qoaidy nwth was^ was drfed for one njgjit, 
dicyMd bang 5.55 gs of 21-k)dinD*mKpn>- 
ggte rone ^oimula X). From the fikratc, 
after one mght, anodier 235 gs was obtained. 

Example 2c 45 
The first fr3cti(»i of 21-iodo*hmx^^rogcster- 
onc (weigjit 5 J!5 gs) obtained in tiib way, was 
tefluxed in 200 mto of mirified, dry acctme 
Q>imfied by KMnO^ and XCOO for 18 hom 
TOh 12 gs of fr^y mdted potassium aoc- 50 
ate. After evaporation of die acetone 300 mis 
wator was added and die odl separated was 
dfisdved in n^etiiyiene chloride. The cmact, 
drying on Na^SO^ was evaporated to 
«]^es8 (weight 1.4 gs) and d u -omatograp b ed 55 
4n benzene on 10 gs of neittralized AI3O,. Blu- 
5"* benzene yielded 700 mgs of resi- 
due, from which sftser reorystalfis^oa with 
^' ton e* 150 mgs of substance widx a melting 
point of 159 to 164° C. was obtained. 60 

Qwrespcmding acctyiation of die second- 
fracdon obtained in Ejcamj^ 2b of 21-iodo- 
ImmjHogestenme (235 gs) yidded 2.6 gs of 
crude ^^xstc^^ fnwn which 90 mgs 

cf som substance widi a melting pomt of 65 
160— 16P G could be crystallized. Oiomo. 
gaphy of die modior lye as described stove, 
wMlowed by lecryBtalKsation with acetone, oins 
penoteun cdier (40--60<» C) yidckd 400 
mgs widi a mdting point of 160*^— l«o C 70 



35 



Recrystallisstion of die oombiited crystal- 
tees with acetone ^ded 425 mgs \rath a 
melting point of 164—1670 C, firom which, 
by rccrystaffisation widi edianol, finally 335 
mgs of liBm-<ksoxya»ticoster(me acetate with 75 
a melting mint (tf 165—168° C was obtahied 
(Fwrnida XI). 



Ej^(A^,=242 m^)=:457 and 462 £^^=17,100 



80 



Calculated for QaHjaO^ (372,^: 

Found: 

The infrared spectrum exhibited lata alia 
bands a( 1226, 1609, 1663, 1724, and 1751 



ExAMn.B 3a 
To 9.6 gs of cnantine (Formula VI) (ob- 
tained as descr i bed in Exsmopie le), dissolved 
in 475 nds of mednlene diduoride was added 
diopwise whilst sdSrring, at —55° Q, in a 
90 idtmgen atmosphere a soiadon of 4.08 gs of 
bromme in 50 mb of mediykne ddixide. 
After die addition of 47 mis vt tibe soktion 
the mixture assumed a lig^Mxrown-ooAour, 
titer whidh dse addition wasstopped. Thus 
a conqwund of the Formula XII was obtained. 
After die reaction mixtuze had been cooled 
to 0° Cw, 60 mis of water was added and sdr- 
rilng was performed very vigorous^ at 20° C 



95 



C 74J0% H 8.66% 
C 74.<B% H 9J5% 
C 74.27% H 8.77% 

for 2 hours. The methylene chknide layer was 
then sqwrated off, vjradied Bwice vridi 100 nris 100 
of water, and dritti on NaaSO^. The xeskfue 
oontuned a conqjound as per Fwnaila Xm. 
To die fihered sc^oticm was added 70 mis of 
dry pjoidme and die methylene diloride vtss 
distilled off in vacuo, after winch imdex Ns, 
for 60 nnnutes, at ^ C and then for 30 
ntinutes at 100° C ddrydrdhrontizatimi was 
carried out DtstOlmg off the pyridine in 
'vaono yeMed a residue which was dissolved 
In memylene dicUoride and dten vvadied sue- 
cesshdy yntk 2 N HQ, water (dmee tames), 
5% NaOQ, sdudon and water (ttoee times), 
after wUdi die ndxtnre was dim oa NaaSO^, 
fihemi and evaporated id <fryness. YkM a 
Ught^teown cty^triline residue widi a melting 



105 



110 



115 



point 150 (8>-15J— 155° Old B CA««=24a in/i)=B65, 



26 



929;Z71 



5 

Ml 



RectystaHisalioa from 30 nols of aoetxme 
at —5** C yJdded 6 ^ <rf 3-kcto-Iumi4Ms- 
!mBdboM-17G^}-di^^ (Fonmib XIV) 
^ a mdting iKwnt ac 154 ft)— 155— 158* 
C A soiaU qiBUil% ms ciystaiHzed, in 



to (dyoln a pure p(r<Q)aradoxL for aoaljslng 
purposea, three dmes with acetone and once 




ediaiioL The anai^rsia rahses wece as fol- 
lows:— 



dng pomt 151 (8)— 155— 159« C[»]d"=-138 (Otta,) b}^(A«. 248 iivi)=945, 930 and 956. 



OakulatEd QAdO,: C 80.98% H 920% 

Found: C 80^5% H 9.10% 
G 8053% H 926% 



20 



The m&ared spcctrvan. exhibited a strong 
15 baml at 1665 cm^S a ^boulder at 1710 cm^^ 
azxd a weak band at 1620 cm~^ It is not ioi- 
po^e, dn -^ew x>{ the non-fiharply defined 
m^dng poin^ that a mixture of as-tcans iso- 
mers is obtained. 

Whast stttiangi at —20° C, 5 gs <rf pow- 
^acd A^'^^-^msaturated aldehyde ^onmla 
XIV) (obtuoed aa descnbed ja Bxanmte 3a) 
was suspended in 8 ac^BOkia <tf 8 gsofNaCn 
25 on 50 mis of absoioOB nrrhnnni. To this aos- 
peosioii was added at ^20^ C dropwise 
wilhm about 45 aiiauGes» 7.1 mis of &asM 
w Tpf i^ ! aoidy after nt^iidt within about 2 hours, 
the xeacdon tain»rsine vrsis raised from 
—20** C HD +5** C. The wMte paste oi^^ 
tamed was feepr at +5*^ C for 40 hours, 
itfter which it was proo&ssed by pouring it out 
aniD 150 mis of medqdcae dunide at 0° C 
and wadnng «n swccrssi mi widi 75 and 4X25 
35 mis of ioe water and dxying on NaaSO^ at 
—5® C. for one izldit. 

A small portion of the filcered sohition was 
e vapoiuied to dryness. Of the practiCTHy 
f^ ff j ^yrtrUffig xGsidue the N-oontent found was 

40 420% (theoretic vake 3.96%) and E |^ 



1% 



50 



30 



(A„. 244 m/i)=535 (methanol) E J 

233 m/t)=516 (diethyl edier). The com- 
pound thns obtained has the Foomda XV. 

The rem:under of the fihxats was ozonized 
at —80° C, whilst starring, after U mis of 45 
dry pyzidme had b^n added. The duration of 
the ozpnizatica -ms 75 minuies (per 10 min. 
2.16 nmcl O^), the speed of the gas being 
aibout 10 l/hour. 

The reaction mixture was then deconmsed 
by stirring k f or 2 hours with 5 gs of zinc 
dust and 15 mis of ^adal acetic acid, tlie 
ten^jsrature rising slowly to 20° C The fil- 
tered scdution was then washed with water 
(150 mis) and (twice 100 mls^ 10% 
NaOH solution (twioe 50 mis) water 
(•cwioe), 10% HQ solution (50 mis) and water 
^three tunes), dried on NaaSO. and a fter fito - 
ing, evapodcted to dryness. A few reuystat* 
iisaiions with etfaand yielded 1.48 gs of A^- 60 
lnmi-andro5tenrdi(Mie-3.17 (Fommla XVI), 
mdtmg pant 153— 155<* C 

A portion of this crystallaee was recrystal- 
lized for analysis purposes with 90% and 
96% cdianol, mddng point 154—156° C 



55 



65 



OdcdaiBd for C1.H20O9: C 79.68% H 9.15% 

Foond: C 78:93% H 924% 
C 7920% H 922% 

b}^(A«« 240J mii)^S69 



70 The infrared spectrum eshSiited a strong 
band at 1735 car\ and a atrong band at 1665 
an'~\ Apaxc foom a ahouldsr at 1655 cm"^ 
a W pe& flC 1608 om~^ was found. 

EXAMFLB 3c 

75 To a soludon of 7.7 ^ of a oompound ac- 
ootdfflg to Fonmda IV (obtained as descnbsd 
in Exanqde lb) in 100 mis of carbon-tetrft- 
chloride;, in vMch 5 gs of powdered c alchim 
carbonate had been su^Moided, was added, 

80 wiulst stirri]^ vigorously at zoom ten^eratnre^ 
m a nitrogen acnoq)here, 48 mis of a bromine 
aoiatioa on aabaate^rachkHide (0.515 mmol 
per n^. At t ins reaction a confound of the 
Fbnnula is obiaiised. Durmg the addi- 

85 tkm in drops, which took 75 minute^ a 



brown <leco3it was ftnmed in the reaction 
mixture^ The nux&ure was then filtered end 
washed with methylene diloride, the organic 
portion <rf the deposit being thus dissolved. 
The filtrate was then wa^bed In stKcession 90 
with KaHOO, sc^ntion (twice) and water 
(twke), (hied on Na«S04 and, aner the addi- 
tion <^ 25 mis of dry jpytidhi^ on the ac^ 
tion fitted from the mocgqnic salt evxnor^ 
ated 10 dryness in vacuo until die final 95 
vohune was about 20 mis. After 30 mis of 
pyxidine had again been added, dehydrcfaro- 
mination was carried out by healing mider 
nitrogen at 70° C, for 60 mimitses and for 
anodxer 30 minutes at 100° C 100 

The pyridine was distilled off, as far as 
possibie^ m vacuo from the dark-coloured 



scdutkm, crystslHsadon of pyndane. 



■ 1* 






)1 





ar- 



i Mil 1 1 



diyteoeifitaifmde and the soludcm otoined 
was sucoessivdy ixrasSied witii 2NH3SO4 
5 (twte) vmety 5% NaHCO, solutum (onoe) 
and water (once). The solutioit <kied cm 
NasSO^ md filtocd by means of a snudl 
ouantEty of carbon, was finaUy evmomed to 
diyaes% 7.15 g& of crystalUne residue hdns 
10 thus obtained. 

^ 1 « ^^^'^ in/0=630. 

The erode A^^'^^^-w&atar^xed cofx^;»mnd 
(Fonrnda XIV) was converted into the cyan- 
hydrin (Fonawila XV) in the manner desczibed 
in Examp le 3b. The methjrkne chloride soiki- 
tion diereof was ozonized m the coanner des- 
cribed in Esamplc 3b. 

The resin finally obtained could not be 
crystallized vitfaout die need for further 

20 means. E }^(A„„, 241 m.tt)=310. F« 

purification cirnxmatography was dietefoce 
earned out in petrofemn-ether-methylene 



GrystaUized widi ednndl (90%\ edianol, 
(96%) and ediyl acetate at -S^ 240 mgs 35 
cf the substance with a meMng pdnt of 
152— ISS^' C beii^ ctamed. The steance 
was fomd not to give a mattHe-msltbg point 
redizcdon witfa lie A^-lumi-ffiidrosttne-Byl?- 
dione (FoamiA XVI) obtauied as dracribed m 40 
Exampe 3b. 

BSAMFLE 4 

To a scdudoQ of 1.13 gs of AMumi^andro- 



15 



m 



II) and eluatsd v»tb a mixture of the 
25 same solvents with increasix^ quantities of 
mcthylenediloride up to a raoo ot 1:4. 

The collected fractions were togedier crys- 
taUiased with 7.5 mis of akdboi (90%) at 
~5** C.S 680 mgs of substance widi a meirting 
30 point of 35 to 139<» C was dstained. 

The filtrate was concentrated and crys- 
tallized at -25« C The crysalkte (640 mgs, 
— *ing pomt 135— 145« C) was then re- 





PC 







9£ea&^<me^,17 {Fooraila XVI) obtained 
from hsmstetoi, in 20 mis of dry tetr^iydro- 45 
f laane a solution of 550 mgs <tf liAffl^ m 55 
mis of tetrahydrofuian was added dropwis^ 
wMst khrinf^ with iob oool^ The tiiick 
paste obtained was leflinoBd «&eqiieotly for 
one hour and, after cooiing the excess quao- 50 
tity of UAIH., was aecomposed caxenalv 
with ethyl-acetate. After dikdtm with 
ethvt ether, the reaction maxtiute was washed 
T9m water (titace nimes), dtied m NagSO^ 
and evaporated to drpess. The coduction pmn 55 
duct was ccystoilized fhnn a mixtuze of aoe- 
tone4iexane at —5° Q Yield 0.6 gs of sub- 
stance whik a msltu^ pomt 108 — 112° C 
Duringr the mckong gas was developed^ prob- 
ably due to aystal solvent After two xecrys- 60 
tamsadcms wtth petrc^eum-ether at -*5^ 
C. the mdtang pomt rose to 117—118** C 
whilst no gas was developed dunkg melting. 
Repeated recrystalHsation did not diange the 
mdting point any longer. In tlie ukraviolet 
region me substance (A*-hMm-androstenc-3), 
17^kd (Fomiula XVu) did not esMst ab- 
sorpticm. 



70 



Calculafced for Ci,H,oO,: 

Found: 



C 78.55% H 10.41% 
C 78.60% H 10.93% 
C 78.78% H 11.17% 



The m&ared spectrum had more or less 
sttojg bonds at 863, 1048, 1059, 1077, 1236, 
1421, 1468 ffiid 1663 car^ 

W ■ 
Example 5 
In tlie manner descrAed in Exann^ 41, 13 
n of A^-<mdro8tene-3,17-cKofie^ dmved &om 
nmnstciol was reduced to the crude A^-3,17- 
diol (Fonnula XVII). Yidd a cirfouriess lesin 
80 with jTacttcally not any Absorption in the 
iilctavtolet regjaa. 



e}^{A„„ 240 m«)=5. 



100 



The resin was then dissolved in 60 mis of 
chiontfomi and shaken £or 17 hours with 6 
gs of freshly prcduoed manganese dioside. 

1% 



Hsatums 
ccnnsnt 





1 • 







S pottxc at 155— 156<> d 



^1 an('^-^ 242 ma)=575, Wb»»=-154 (CHO,) 

Cdcidated for QJisfii : C 79.12% H 9.68% 

Found: C 79.07% H 9.97% 
C 79Jt3% H 9.78% 



The in&ared spectrum of the lunutestosterone 
105 ^ormda XVIII) exhilnted strong bands at 



1055, 1063, 
weaker 



1660 and 3420 
at 1612 cm-*. 



cm~^ and a 



Example 6 
To a solution of 500 nugs of lumi-™ 
one, obtained as dsccibed in Example 
10 mis of dry, fteshly distilled pysidbiej 
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ihe solution mained after fihering tfaioa^ 
NasSO^ was evaparated to dryness and 
yielded 1.2 g& of cryscdline lesdue widi 
1% 

E 1 cm <rf <Sk20 and meldng 

pomt of 147—152® C 

RecrystalHsation with 30 mis of diethyl- 

?l "2^'' ^- y^^^ 780 fflg^ mebmg 
poaa 154J— 155J50 C Evapwataon and pro- 
cessing cf the filtrate yielded another 105 
mgs, melting point 152—153.5° (at 151° C 95 
smtering). 



90 



5, in 110 



28 



929^71 



10 



added 9t 0^ C, whilsc adequaldy stkdng, a 
fsoludon C.5 mis of i^f^ienyl-psFOpooayl 
chloride in 5 ini» of <by aihydtous benzeiw^ 
after wiudi liie reaodoii miztoie was stiined 
at rcKsn i temp eratuie for 16 hours. 

By poiuiug out on a miatane of 80 
ice and 20 mis of oonoeotrated hydroc&nfe 
add, liie excess manisty d addic ^odde 
•was decamp osed. The ester vns disserved m 



15 



benzene (tmee times 20 mb) and the samir- 
oGed extractB weie washed in sucoessioii with 
a sodium carbonate sohitlon 10%) and 
mtxt to neutral reaction. Drying an scxtimn 



sulphate, fihering and evaporation ^ dryness 
yidded 700 mgs of an oily product from 
which, after filtering m benzene duxm^ a 
cokuna t^ntMwn^ 10 p of neutraHzed ahir 
nnna, 590 mgs <^ a resin was obouned, which, 
after some time ctystalHzed out The crystal- 
line fractum obtained by sdrring with pet- 
roi^mi ether vidded a&r two loczystalasar- 
d«ms with memanol, at -5** C, 197 mg3 o f 
/^fshenyi-propsooate of hmlteMu s t cfm c ; 
(Fmaah XDC), Mddng point 73^74« C 
ReaystBlHsadoa did not <aaoge die meldng 25 
point 



c- 20 



1% 



30 



^1 an^^ 242 m/t)=421, 17.700 

Galcula06dfm'qt,H^O,(420.^: € 7957% H 8.63% 

Fmmd: C 80.00% H 8J8% 
G 79J2% H 838% 



35 



40 



The tdoftoi spectrum exh&iisd inter alia between 0 and 100^ C, peAaUfy between 

bands at 1726 om"^ (atnmg!^ 1664 cm--* 15 and 35° C At a reaatKm ten^en&ae of 

(strong), 1610 cm^^ (modetudy stnnig} and 70<^ C to 100^ C the leacdon dnmtioiL 

1173 cm-^ amoums to 2 houis to 30 minutes. At a te- 

7 acsxm tenrperatme of 15 to 35^ Cihe reac- 

Inthemanoer described in Exan^ 6 other ti<m ^nracian amounts from 25 to 10 bom 

acyiates are pwduotd. For <5Bftui|de^ hmtttcsto* Esamflb 8 

stienmfr>17-formati^ hmutesmsOBrone-lT-aoe* A sohitiaa of 5 gs of hmthestostenne 

lat^ lomitesoostcxooie-17iHC«looat^ lmnite&- {F<Mmula XVIH) was refiuaed m 330 mis of 

losterone-17-batynite, Iumiitest03tBnme-17-«- crrahly digttHcd» tertiary bnt^nd in a nitio- 



70 



75 



45 



tiiilin<>^'n«VM:^i 111 



inethyiprDptonaTP, hanzOfistDstetime-l^^vaiep* 
ate^ hmaite3tosteron&'17*<i - mett^rl-but^at^ 
luinltTatostegone»17'TP'metfayi - butyzaiie^ huxth 
tesDosteroiie-17 - ca pj o a t^ hnniOBsGastBrone* 
17-terL-butyiaoetBte, i ' 
trtnrethylaopifatej^ h 
pemyi - carboxylate, lui 
cydohesyiacetate^ lima: 
iohexykarbu jLyi ate, h 
50 Doluate, I 



goi atmosphere^ whilst stirring^ wiih 85 gs 80 
of chloiami ior 5 hoursw After oodmg the 
teacdoQ mhECute was diltoed widi 2 Mots 
of water and extracted with 3X200 mis of 
0 " 17- medgdene chloride. The extract after dSudon 
ne - 17<ydo- wihh 750 mis of petrdeum edter (40 to 60° 85 
soerone * 17- C) was washed witii 100 mis of 5% NasSO. 
oe - 17 - cyo- solution with 4X50 mis of IN NkOH and 
rone - 17-^ w^sr to noitral reaction. After drying on 
17HmQnoghitaiat^ NaaSQ^, filtering ^\K4th a small qoaosity of 
hmiitestQ$oerone»17Haumodig}yoQlate lumites- alimiinium silicate and evaporation to (hyness, 90 
OvoiiQ - 17 mono-^-metfay)ghxtBrati^ hnni- 23 gs of a bsown crystalline resddue was 
testosteron&-17«>hemi-<uodnat£^ lumitestoster- obcamed, ^di, in benzene was Itoered 
0D)&-17-hemi-«u%atS| hm i t es m s tero n e • 17« aintR^ 25 gs of alumina (Bxodcmann 
55 acryiate, hmtt t e s a 0ste g ou e-17<rottmate, hrnn- method II). Eluticm with 300 ims of ben- 
zene yieided 2.0 ^ of crystaHme sobstanoe 95 



)I|!;!)I^'4|*/:mV.- 



i:iiiii.;;';iiVii.i.tit 



60 



t«tosteran&-17Hmdecyienais;, lui 
one-17-henii-maleate^ hnrntestostexone - 17* 
chrnoonatei lumitestosGetxme - 17 boizoat^ 
lmnitestosteroni^l7-4)henyiao^ate;, l umi te s tp- 
sterone - 17 - « « i^enyiproptronat^ hunltesto* 
8terone>17-(o, m, p,ytximos^ kmitestosterone- 
17-palnEtate^ hnrntestDsterone * 17 - steazate^ 
limutQ50ostenBie-17*oIeate, were obtained by 



^l^n (^««m.'«-~815). 



1 1 1 ^ : ■ 1 1 1 LA I . I ; M 



gpont 
yidded 1.05 
e (Formula 100 
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Recrysnallisatum disreof widi 
ane at —5° C, yidded 1.43 «», 
170 vo 172° C. Recry«amsa^ 
gs <^ A'-defaydro4umitestQsten 
XXX msting point 173— 174J° C From 
causing the ImmtestosiQeione id react with the the filtiate amher 240 mp with a mdtii 
oonespcmdmg md d^oride of the aforesaid point of 167—- 170° C. was d)tained. 
oompoimds m the pteseoce of iodine or col- For die paoducdcm of tiie aua ly t i crily pore 
li&e as add binaiers and an indzffoent sd- sdistanoe recrysrallisatinn wkh diedK^ odier 105 
vqa^ for example, (benzene or pe tro l e u m cdier. was fiimfly carried out 
The xeaocum teotperatnce was chosen to be Mdtmg posnit 174 — ^175° C 



110 



e}^(A^« 284m/i)=903, 893 E2,4«.^==25.700 

toQ^<^^6.4): C 79.68% H 9.15% 
Found: C 79.86% H 9.27% 
C 7938% H 9.09% 



929,271 



29 



10 



In tho infrared specdvan are f ouxtd diarao* 
tCRsdc bands at 3441 cm'^ (stiopg) OH-fe- 
quency, 1^1 om'^ (strong^ ooiuiigaaied fceto- 
Eiravsp) 1615 cm'~^ (strong, doubbtend) and 
1571 cm-' (veak, douUe boniQ. 

EXAMPLB 9 

A sokttOQ of 360 mgs of A*-ddiydn>-tem- 
testosmone, obtaiz^ as described m Erasmk 
8, b g ads of dry, freshly disdSed pyxodme, 
was added, at 0° to a soJutkm d 0.14 
mis of dkodlled piofnonyl chloride In 4 ink 
of dry duofdieo&^ee benzoie. After stining 
for 20 houis at room ten:^)exatare die sub* 
sCBOce was poured out on a xnuctiire of 50 

.194 



gs of loe and 16 oda of conoe mrttte d adphtak 15 
rad. The escer soiatkni, obtained enac* 
tton widt benzene (jdnm tknes 15 mis) was 
washed suooessively whli a sodiun carbonate 
sohdion (10%) md water to neuQral ceactbo. 
Drying, fihcring, and ev^xsadtm to cbyness 20 
^tldded 435 ga of zesuiae ^dndi was oystal- 
Mzed widx methamd at —5^ C Reoys&illis- 
ation with the same sohnmc yielded 233 nffis 
of propionare of A'-ddydtohm n testostsero n e 
OForaxBda XXI) with a ffidteing point of 113 
(K^ siniering) — 115— 117<' C Reorystdlis- 
ation of a portion dieieof for analysis raised 
the meltu^ point <&> 114—115—^117^ C 



25 
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Bl an(^«« 2W mau)=739 E=25,400 

Calculated for QaHaaO, 044.5): C 77.14% H 8.83% 

Found: C 77.27% H 8.82% 
C 77J27% H 8^% 



The Infrared spectiun exhibited bands, i 
aEa, at 1731 cm"* (strong, 1650 cm-* 
35 ^stroagf), 1618 om (strong) and 1571 cm*-* 
(father strong). 

Ekabiflb 10 



ling add chloride of tiie aforesaid ocm- 
pounds in the nresenoe of pyridine or a^- 
dme as an add binder and an indifferent s(d- 
yvatt for ccampfr, benzene or petroleum edier. 
The xeacdoa teasDera&se is held between 0 



80 



uwec acylates are prodmd m the manner and 100® G, inrferBbly ibetween 15 and 35*» 



40 



described in Esample 9. For 
dned A*-dehydndiBnf 



ne-17-tom- 



CL At a xeactkm temperature taweea 70 and 

^ . 100» G die reaodon dursdon arnooms femi 

^ ^ - <lttydrohiimte9B)steron©-17-«OBt^ 2 horns to 30 mimites!, at a reacdcni twmera- 85 
A' - dehydro hum t es t os iei we - 17 - mMxaor ture between 15 and 35° G, die zeacdmi dnr- 



adoQ 



from 25 to 1& 



rs. 
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I& a diree-secfc 



EsA&tPLB 11 

roand-botXQm flask of 250 
tcs, at —80° G» 50 mis of anH 
ised. The ammoma gas had 



90 



50 



95 



ate, A* - dehydxo-hnnitesoosteRme - IT-^ny- 
raae, a' > ddiydiolutnitcstosteroQe-17-<t4nediyl- 
propkmat^ A* - dehydrolumiiestDsOBroDe - 17- 
valerate. A* - ddLydn>lumicestostenmB-17-«- 
mediylbutyiate. A* - dehydiolumhfistostetone- 

17 fi - JTOthylbutyrat^ A*-dehydro-hnmtesco- monia was ...^^^ . 

yrooe - 17 - cqnnoate, A* - dchydrohmHtes- prewousOy beea dried by passmg it tiiiwirii 
fosterone 17 - tert, butyiacetate, A* - de- diroe drying itowets rrmts^^ solid RO^ 
hydrohnniccstostcnme - 17 - irimediylaoetate, NaOH andKOH r e spective ly. In die conden- 
A*-ddiydn>hmike8tosterone - 17 - cydopentyl- sate was then ^ssoived 1.61 gs of potasstmn, 
carboxybte, A* - dehydraliimatestosterone-17- a£tsr winch in die deep-blue sohitian acetykse 
cydohexyiaoeiate. A' - dehy^himitesoosiser- gas was imzoduoed, undl a mntitetp de- 
55 one- 17Hcydoh exyjkarbo3cyiate, A-* - dehydro- colouring had t^ place. This gas ffi' been 
lumtt^rotcnHie - 17 - o.tohiate, A«-ddiydn>- dried by means of sdid KOH, soda limci 
hamtestosterone - 17 - monoglutarate, A'-de- KOH, conoHUiated B^O^ and solid K(Hi 100 
hydrdunM)Bstosterone-17-axooodiglycolate, A'^- resceaively and purified, 
d^dro - hamtestosterone - 17 - mono^- To tfe aoetyMe was dien rapidly added, 
njrthylgjhitarare. A* - ddiy^okmaioesiostercme- whilst stirmg and cooling, at —80° G, 1.06 

mis of dry ac^mse, ^ter which a sdn^^xi of 
3.(B ^ of A*-kmiandroscene 3.17-dione 105 
(Fcnmula XVI) in a oiiztm of 25 mSs of dry 
thiophen&iree benzene and 25 mis of dry 
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•-n-hemisuodnate, A'-dchydrohimit 

one - 17 - hemiadipate, A^-defaydrolumitesoo- 
sterone - 17 - actylate, A*^ehy^olumttesto» 
sterone - 17 crotonate, A"-ddiydrohuni- 



testosterone - 17 - undeCTlenate, A*-<iehydn>- peroxideiree diediy l edKr was immedktdy 
— ^ - 17 - faemfanaleaine, A*-de- added. 
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l umi t cs t m teronc 

h^drolumitestostenme ^ 

defaydrohBivtestosteroDe - 17 - taooate, A'- 
dehydroh gut e fitostewiu e - 17 - idienyfacatate^ 
A'^drfiydwAunatestosPao n e - 17;9 - phenylpro- 
piooate, A* - dehydroiuntestDsterooe - 17- 
\ps m, p^loaxt^ A* - ddiydrohifniiftstnster* 
one - 17 • pgthnliate^ A*-<lehydn>-Iumitestoscer- 
one - 17 steatat^ A*<<khydncdimiftesfioster- 



Whilst passing over a sbw, (by nforo gen 110 
flow the reacti<m mixture remained widMUt 
cooling from wiibout, for 16 hoors^ after 
which h was deoo mp osed with 175 nds of 
water. The dear bourene iaj^ dms sq>aratod 
out w as processed by wseha^g it with water, 115 
drying on NasS04 niteivng and cv^ xar jiin g 

. ^ no 1% 



cau^ die A*-ddiy«&o* ^ c&ynessw The 325 gs of resic&ie ( ^ ^ 
lunitestosttrone to react widi die 0QRe»- (Anox 242 m/i)=288) was cfaromanogt^hied 



30 



in benzene <m 50 of AlsOa (strengiii aooud- of IJ^ndiynyi^inmtestostenme (Foimula 



ingto Bxockmann H). 

mxdon wnh faenzme (SOO nals) and di- 
etfaylether^OO o^) yielded cz}^ta]line &ac- 
ticaiSy wiiioi were jomed and secrys&Ilized 
with i^hesone^ after which 1^5 of needles 



XXn) with a melting poinc of 194—196° C 
was <dnainsd. A smdl portion was leoTStal- 
lized for dialysis several thnes with n-hez- 
ane, after ixinch the ocmstam mdtix^ p<^ 
was 195—196^ C 

1% 



10 



Wd*'=~219 (CHQ,) Ef^(A«, 242 m,a>=524. 



C 80,88% H 8^8% 

15 C 80.83% H 9.11% 

Qalcalab^ for CtiH^^O^ C 80.73% H 9SB% 

The infrared specmmi of the sritotpoe ex- 
hinted inter aba more or less strong bands at 
877, 10^, II2S3 1222, 1604 and 1638 on-'. 

20 EZAMFLB 12 

To a soludon of 0 J ^ of Imnitstostenme^ 

oiAainsd as oesctibed m Example 5, in 50 

mb. of dry diethyiether and 75 mis. <^ dry, 

liquid ammonia^ was added at the boilxng 
25 temperature of the nodzture, whilst adequately 

scbxing <under the cxchiHon of moist, drops 

of a solution of 500 mg^. of lithium and 75 
. mis. of Mqoid ammonia. Hie daxk-fajue-sohi- 

tion was men decomposed by ^pping in 15 
30 mis. of ^ydroos ethanol in 30 minutes. 

After snimx^ for another half hour, the 

mixture was diluted with W3Der» the ether 

layer was s^arated off and waidied to neutral 

reaction, llic resjn otamed by drying 
35 Che ether extract on sodium sulphate^ by 

fitfenng it and evaporadng it to dryness^ 

could nor be caused to crystallize. Since 

also cfaromatograi^y via alumina did not 



orystsUxsatioa, the joined fnactiaQs, 
subsequent to evapcffation to drvness» were 
dissolved in 5 nus. <rf dry thiophm&fee 
benzene and I ml. of dry pyridine and then 
erfienfied by adding a sohiticm of ^50 mgs. 
of 3 J-dinitrobenzo^ cfal(»ide in 5 mis. of 
baizene. • 

After half an hour st room temperature 
tlie solution was decomposed by shaktQg it for 
10 minutes widi a mall quantoy of water, 
after ^ch th& ester fraction was dissdved in 
diethyl ether. The extract obtained was then 
washed widi wsoor, 2N hydrochloric add, 
water, sodium bicarbonate solution and water. 
Drying on sodium sulfdute, filtermg and eva- 
porating to dryness yielded 600 mgs of a 
Hgfat-ydlow resm, wmch could be cause to 
crystallize from a mixture of nteth^ene 
chloride and acetone. The ficol yidd was 270 
mgs (rf bis - (3, 5 dinhrobenzoate) of 5 - hnni- 
andzostene * 3, 17fi - diol (Formula XXIII) 
with a mddng point of 237—242^ C. 



40 



45 



50 



55 



60 



Cslculatsd f(ff CaAmOii^i (680.65) C 58.23% H 533% N 823% 

Found: C 5834% H 5.49% N 7.85% 
C 5831% H 5.^% N 7.88% 
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Example 13 
To a sohidou of 1 g of lumiiestosterone^ 
produoed qs described in Example 5, in 35 
mis of benzene was added 1 g of sdenium 
dioxide and 0.6 ml of vfSSxXj ^er ^nhkfa the 
mixQire was rrfiuzed in a nitrogen BUDOSghsct 
for 48 hocos. 
After fikoing and washing the sdid cooasti- 
h bmzass (die fiucaie was wadied 
Bvely with 4 btcaffcouate 
The dxied and filtered sohition was 



evnjorated to dryness in vacuo, after whidi 75 
€25 ms& of a resin was obtained widi 

^1 ^3 m«)=«358. 

By a fiirdier extraction of the solid ocat- 
titiisni^ after die teacdon (sdemum diode 
and so <m) with' carbon tetza chloride and 80 
woddng m another 50 mgs of resin was ob- 
tained. The total quantity was then d^sdved 
in fenzene and chtomatographed on 40 gs 
0f timmna. 



85 


Fraction 
1. 
2. 


Eluate 
benzene 
benzene 4" 
ether 2:1 


Volume 
150 ml 

200 ml 




3. 


ditto 1:2 


300 ml 


90 


4. 


ditto 1:2 


250 ml ) 
300 ml / 






edier 




5. 


aocAcne 


100 ml 



Fractions 3 and 4 were crystallized with 
n-hsxane ftwioe), after winch 150 of sdb- 
95 stance witt a ineiting point of 164 (sli^ sm- 

C was obtained. 



Wej^ 
<10 



20 mg 

190 mg partly crystalline 

50 mg pardy crystallme 

240 nag partly crystalline 

Reaystallisation with a mixture of ii-hexane 
and metlwienc chloride yielded 98 mgs of 
A* - defayuoliToutestosterone (FomHila S3CIV) 
mdWng pomr 171— 175— 177« C 



100 



929^71 
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Bl^(^-t 243J in^)=538. E=15.306. 

Goiciilaased for QAcOs (296.4) : C 79,68% H 9.15% 

Found: C 79.44% H 9.07% 
C 79,07% H 9.15% 



2 - (etboxyoxalyl) k 
XXV) was obtamed. 



tosterone (Fommla 



10 



ESAMFLB 14b 

A solution of 13 g$ of a compound of the 
Fommla XXV on 25 mb of dry, purified 35 
aoetons xm rcfluxed mdi 2 mis of metbyl 
iodide for 18 hours in the presence of 1 g 
of dry potBsshsn carbooate. After oooMng die 



40 



The fiifrared q)ectnim exhibked inter aHa 
DaiKk at 3364 cm-* (stnw^, 1650 cm-* 
fanmg)> 1609 cm-' (faoly sttong), 1592 cm"* 
(weak) and 884 cm-*. 

Example 14a 
To a sokitaon of 1.14 gs <tf kmitestosterone, 
pnxhioed as described in Example 5, in 10 
mis of dry diiopheae-free benzene was added, 

imdcr nitrogeu, in OTder of succession: 0.6 ml ^ _™ ***wwa w««*i6 

of ^^qthyi oxal9te, and 200 m^ of sodium sohmcn was diluted with water and dissolved 

15 Bymidc. Then the teaorion mfaaiTO was sdrrcd in diethji edier, after whidi the extract was 

radw nhrogen for 72 hours at room tem- waited with IN caustic soda lye and water to 

pm^y dse odoiur passing then over from neutral reacdon, dried on sodium satphate 

Mown to ydtow and a vdamkxoos deposit and, after fikaing evaporaited to <fryi»ss 

betagforaKd. , ^ . , . The 1.05 gs of rcs&ue w^ bdled widi a 

__ ™ add«aon of 5 mis of methanol sc^on obtamed by ractang 0.5 g of sodium 45 

wato wag toed for (Kludon, the soluit«>n was in 10 mis of anhydrous ethanol. After cooling 

estxacted with diethyledier to reanyve sub- the mixture was poured out in veater and the 

«ance nonr^omible hi water. The aqueous sq^arated siib?tanoe was dissdved in diethyl 

l^^Bs add;fied widi 2K hydrochloric add other» washed with water, dried <mi sodann 

25 md Aeaeparpted suhsCEUioe was dissolved m nilpiute, ffltered and evaporated to dryness, 

di^3toher. The eatract was then washed after which 0.515 g of ze^ous sabsianoe was 

tobe free of l^^drodiloric add widi a saturated obtamed, which could not be rmn^ to cn^ 

so^mn chloride solution, dried <m sodram stalKze without the need fiv fiardier measures. 

??r^. ^ evapoTttcd to dryness, Caircmatogtaphy cid 25 gs of ahmmn in ben- 

30 after whxdi a hght^rdlow resin of die enol of zene yielded «he fdlow^g ftacriom:— 



50 



55 
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Fraction 
1. 
2. 
3. 
4. 



Eluate 

benzene 

benzene 

benzene 

benzene 



Volume 
50 mis 
100 mis 
100 mis 
250 mis 



We^t 
12 mgs 
150 mgs 

111 mgs 

112 mss 



Two lecrystalUsations widi a mkture <rf di- of 175—1790 C For analysis a portion was 

eaiyl ether wal n^cxanc of die fcacrioos 2 to recrywaiUzed agam, tfter whidi die tnrfring 

4 yxcddod 207 mgs of 2 - mediyi - kumtesto - pomt was 177— 179.5*' C 
stetooe ^ormida XXVI) wsdi a mcbmg point 
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BJ^(A«„=241.5 m/*)=:508. E=15,400, 

Calculated for C2.ft..02 (302.46): C 79.41% H 10.00% 

Found: C 79.50% H 9.98% 
C 79.81% H 9.84% 



Example 15a 

70 A solution <tf 7J gs of lumiprogesterone 
(Formula VHI) in 500 mb <rf freshly distilled 
tertiary butyl adoohd was refluxed mdi 12.75 
gs of findy powdered cfalManil whilst stntii^ 
ror 5 hours under nitrogen. After oooiUng 2 

75 Kiresof water wbs added and extraodon was 
performed three times wkh 200 mis of 
nmdxylene diloride. The extracts were dien 
bulked, diluted with 1 litre of petrdam> 
edier (40—60^ C) and washed suoces^vely 

80 widi diluted NasSO^ (100 mis), 4X75 mis of 
IN NaOH and water to neutral reactbn. 

By drying on NaaSO^ imd evaporating to 
dryness ^ast part in vacuo) 3.7 gs or crystSine 
residue was obtained. 

85 Ffltration thereof in benzene via 35 gs of 



alumina (aooording u> Btodunann stren^ II) 
and eluation v^^ith benzene, and after evapoia- 
tion of the solvent yielded 3.11 gs <^ crystal- 
line residue. By crystallisation widi 15 mis 
of acetone at room temperature (at lower 90 
tempemxures a by-product crysialhzed oat) 
this yielded 900 mgs of crystaUate widi a 
mdting point of 1^5—170® C Transfer <rf the 
mother liquor into a mixture of ethanol and 
hexane yidded 1.7 gs of sc^^tance with a mdt- 95 
ing pomt of 130 to 145° C. TWs fraction 
of hexane vras then reoyi^allised widi acetone 
(room temperature), after which 600 mgs 
with a mdting point of 166 to 171® C was 
obtained. The two fairly pure tiacdons yielded, 100 
after aystallisation wmi a mixture of acetone 
and hexane, finally 1.0 g of - ddiydro - 



32 



92V71 



uumprafg^estaone (Fommla XXYID, mekmg A snaU pottkm was ogam mar^stallized 

point 1^ to 170^ C From, tiie momer liqixars with acetone for analysis; the mebing point 

a further feactson of 0.44 g with a ondting rose to 16^170^ C 
pomt of 168 to 1€9<> C was ^ 



bJ.^(A^=286J niiti)=842 and 848 B=286J ffli.a=26,400. 

Gaknlated CnftiaO, (312.43): C 80.73% H 9SB% 

Found: C 81.11% H 9.20% 
C 81JS5% H 9.07% 
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The infrared speotnnn ednbited h 
bands at 1695 cm-** (strtnigs mm conjug 
tan gpoap)^ 1656 ctn"* (strong^ conjug 
15 loetD gzoiq>), 1617 coi-* (stiToi^ dooUe 

ooniwioiiX 1574 cm-* (modemly stnngb 
double booic^ and 888 om~* (sttongj). 

Ekamblb 1A 
3.95 gs <tf isd umi s t ew M e obtained as de»» 
20 ccibed m Example la Cannula IT) was dis» 
soivad in 150 snls of div modiyiene dilodde. 
To thb soiutioa was added 0.81 onl of dry 
pyndino. The solutbn thus obtained was 
cookd to -S<P C. fmd ihen, witim 26 
25 mimitcs, 14 nanol of osooe (Le. 140% of the 
theoTBtacal volume) was passed duoug^ The 

was thok v^gorous^ staoedt. 
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flfter wiucfa 15 gs of pazafonn&dddQ'de was 
added. Under omstant sdrnng the temperature 
rose wiiiffli 4 hours to about room tenoperatntc; 
AfCGT one i^phcdie se^d Bitfwftincft was filoned 
offj washed with petralenm-edier and ethe r . 
The sohituni was then washed with waw^ oold 
N IfaOH and water. After drying on NsbSO^ 
the soludon was ev;qKit8ted 3.08 gs of residue 35 

was dbtamed. E (A^^ 286 mtt}=s770 

(sdf-iegistetmg). This re»due was crvstBnizea 
with acetone and then zecrvstaUized twice. 



The pure 3 - he/to - lumi - bis -nor - cihola - 
4.6 - diene - 22 - al (Formula XXVni) has . 
a mshmg point of 153 — ^155° C The ultra- 40 
iwiiet absorptjon spectrum has a mazimiBn at 
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286 mfi. e}^ =780 E=25,400. 

GUcidttted for QAo03=32d48: C 80.94% H 9.26% O 9.80% 

Found: C 81.07% H 9.16% O 954% 
C 80.87% H 9.05% O 10iX)% 



The fdlowing ba nds (in the infrared spec- 
trum were found: 1410 cam^^ (weakX 1654 
(sttong), 1717 cm-^ (sctong), 1584 
(strtKig), 1621 cm-^ (fokiy strong). 
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EXAMKLB 15c 

3 J gs of the aldelQfde otodned as desaiSxd 
i Exaaqple 15b, (cnxde ctyssaUine^ m^bmg 
pdnr 14^1510 C) was dissoli^ in 50 mfi 
oS absdnte benzene; dure was added 1.27 
of i^iecidine a^ 20 mgK of p-vAsm^ 
sttlphonic add. This xeactioa maznue was le- 
flosed for two and a half homs^ the refluxing 



sdvenfC being dried dmn^ fiaO. Then the 
sdvent was distHled off in vacuo. 4.4 gs of 
residue was 1^ (150%). This was crystalHzed 
with 30 mk of methanol at —25^ C Yidd: 
2.1 gs of 22 - (K - pqwadino) - lumi - bis - 
nor - diok - 4, 6, 20 (22) - triene - 3 - one 
(Formula XXIX) with a meeting point of 
127—135° C After two reerystellisaticms widi 65 
aoeoone the substance was pure; 

Mebii« point Qxi vacuo) 135^136° C 
Uteramolec absocpdoa spectrum had a inazH 
mum at 2ff7 n^u. 
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«661 and 657. E=2^000 and 25,800. 



75 



[weak). 



€aicuIai&edfor<V^»CiO: 393.62: 

Found: 

[ bands in tfae in&ated 
-» (stto^, 1656 cm-* 
(strong), 1410 cnr* 
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BXAMPLB 15d 
1^7 of the erode enamme thus obtdned 
dn Exvn^e 15c dissoivad in 250 mis of dry 
thio^xIieDe^oe benzene, was added in dropn^be 
dinuig 45 minut^ to an adequately 
stdndon of 25.2 gs of sodhm Induomate hi 
250 mis of acetic add + 170 mis of benzene 
ooided to C A£oa two hours of saoning 
85 ^ 0^ C 42.0 flpls of mahand was added ^ 
stoning was oantinued for ha^ an hour at 
O*' C The reaoaioa mixture was then poured 



C 8239% H 9.99% O 4.06% N 3.56% 
C 82.40% H 9.86% O 435% N 4.13% 

out in water and estracted wiUi edier. The 
extract was washed with water dilute yHK^iin 
hjidroKuie sofotlon and water. After dryuxgon 
NagSOf the solvest was dtstSOed cS. Yidd: 
1224 gs (92%) of residuie. This was crystac* 
Iszed w£tii acetooeteme (6.6 gs) and ihea 
by two crystallisations with acetone the sub- 
stBttoe obtimed was pure. The ndting point 
of the A*-'delwdrdumq>ro g esigrone tims ob- 
tamed (Fmaak XXVll) was 168— 169» C 
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Example 15e 
3.95 gs of Imnistenooe (Fonnula I) was dis* 
sdvcd in 150 mis of dry m^eoe diloride 100 
and to tUs sohiticHi was added 0.81 ml cf 



929,271 
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pyridine. At —70** C, within 26 minutes, U 
mmol of oz3Qe was passed tiirong^. Then IS 
gs of para-fonnald^yde was added and whilst 
rtiiring the temperature was skmrly increased 
to +5 C, The para-fonnaldehyde was filtered 
ol and washed with methylene chloride. The 
filtrate was washed widi water 1 N NaOH 
folution and water. After diying on NabSO^ 



the solvent was distilkd cff, after vfbidi 3.11 
gs of crystalline residue was 1^ It was 
crystallized with a mixture of mi^iylene 
chloride and a<^tone. After three recrystaHisa- 
tions pure 3 - keto - lumi * bis * - cbola * 
4, 7 diene - 22 - al was obtained (Fommla 
XXX) with a melting point of 19(S-200** C 
The ultraviolet absoiptioa qpectrnm bad a 
maximum at 241 mfi. 
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B I ^ 433 and 436-E 14*150 and 14>200. 

Calculated for QsH^A SZ6AS: C S0S4% H 926% 9.80% 

Found: C 80.15?^ H 9.13% O 10.10% 
C 80J28% H 9.09% O 10.04% 



The infrared absorption spectrum has bands, 
inter alia, at 1410 cm'' (weak) 1660 cm"' 
(strong), 1610 cm"* (strong) and 1714 cm ' 
25 (strong). 

When the aldehyde thus obtamed was axor 
verted in the manner described in Exanqile le 
or 15 into the enamine, whidi compound was 
oxidized with sodium bichromate in benzene 
30 and acetic acid in the manner described in 
EaEample Ig, or 15d, the - dehj^olumi - 
pro^erooe (Formula XXXI) was obtained. 
By lEomerisation of the 3 - keto - A* ' - system 
of compounds of the Fcvmula XXXI into tht 
3 - keto - A* • - system with dry HQ-gas in 
anhydrous i?opropanol, in the manner des- 
cribed in Earampk la, the A"^ . dehydrolumi - 
progesterone (rormula XXVII) is obtamed. 



35 



40 



Example 16 
To a solution of 0.978 g (3 mmol) of the 
aldehyde obtamed as described in Example 3a 
or 3c (Formula XIV) (**unsaturatsd side chain 
aldehyde") in 10 mis of dry thiophcne-ftce 
benzene was added yMlsi cooling with ice 
45 water, a solution of 1.2 gs of monoperphthalic 
add (6.6 mmol) in 255 mis of euwl acetate 
of 0** C. 

Of the remaining quantity of reaction mix- 
ture the phthalic acid formed was filtered <»ff 
50 and the nitrate obtained was washed succes- 



sively with a 10% solution of sodium bkar- 
bonate and water, dried on Na^SO^ and after 
filtering evapmted to dryness. 0.88 g of a 
eubstantially ccdourless ream was obtained, 
which could not be caused to crystallize. 

The Iwdrdyais of the 17 (20) - epoxy - 
formate formula XXXQ) was carried out by 
providing a soludcm of ±e substance in 150 
mis of ethanol (95%) at 30"* C with 35 mk 
of aqueous 3.0N sodium hydroxide solutkm 
at room temperature, the reaction mixture 
assuming a cfear ydlow colour. After two 
hours, wi±out cooling or heatissy at room 
temperature, neutralisation at 6 nds of acetic 
acid was carried out. The iigjhtryellaw sdn- 
tion thus ob*^ed was concentrated at the 
lowest possible temperature m water-)et punm 
vacuum, to about 60 mis, after which 100 sus 
of water was added. The oil separated out was 
dissolved in two extractifms in ether and the 
solution, after having been wadied with a dHu. 
ted bicarbonate solution and water and drying 
on NajSO., filtered. By evaporating to dr^iess 
580 mgs of crystalline residue was obtained, 

^ 1 cm ^^"^ m/A)=504. After three 
rscrystallisations with ethanol at C 118 
mgs of hard crystals of 17 (a) - hydroxy - 
lumiprogesterone (Formula XX^M) was ob- 
tain^ with a melting point of 222^225'' C 



80 



B 1 (A,„.,, 242 m/0=500. E 242 m.n= 15,500. 



Calculated for CaH^Oa (330/*5): 

Found: 



C 76.32% H 9.15% 
C 76.07% H 9.14% 
C 75.84% H 9.10% 



85 



The infrared spectrum exhibited bands inter 
alia at 3369 cm"' (strong, hydroxyl band), 
1697 cm'* (strong, unconjugated keto group), 
1643 cm' (strong, conjugatsd keto-eroup), 
1610 cm"' (fairly strong, double bond) 1354 
1232 cm-', 928 cm-\ 858 cm"^ 



cm'*. 



90 



Example 17 
A solution of 220 mgs of 17x - hydroxy - 
lumiprogesterone, produced as described in 
Example 16, and 220 mgs of ^toluenesul:- 
phonic acid m 15 mis of distilled aceuc an- 
95 hydride was kept at room temperature for 18 
hours. A small number of fine needles of a 



10 



15 



55 



60 



65 



70 



75 



very dark reaction mixture crystallized out. By 
fMmring out m ice water and after die addi- 
tion of a small ^uamitY <^ pyridine, and 
stirring for some tmie, the excess acetic aft- 100 
hydri& was decomposed and the ester was 
extraaed in ether (three times 30 mis) and 
merfiylene chloride (one 30 mis). The collected 
extracts were th e n washed successively with 
water, 2N sulphuric add (to p^n^Wine free) 105 
water, 5% bicarb:mate solution and water, 
dried on sodium sulphate and after filtermg 
evaporated to dryness, a complete crystalline 



ixtuie of UKthyknecUoride 







it) 





lat 110 



34 



929;271 



^5"" C yielded 130 mgs of crystals of the 
dkcetate of 3, 17a . diltydroxy - 20 - heto - 
A*^ - lumiptegoadiene (Fdmmla XKXSW)^ 
SDdtmg point 207— <5mterixig)— 213— 216° C. 

1% 



Two leaystallisatioiis with the same mixtute 
yielded a omstant melting point of 207— 
(sintenng— 213— 216'' C In high vacuo the 
melting point was 217—218'' C 



^ i cm 0^-2365 m^)=44S and 439. £=2363 mr«= 18^00. 



10 



Calculated for QsQaA: 

Found: 



C 7143% H 8.27% 
C 71.71% H 8.21% 
C 71.78% H 8.12% 



15 



20 



25 



30 



50 



The infrared spectrum eidiibited bands, inter 
alia at 1744 cm"*^ (broad and strongi^ acetate 
group (twice)), 1707 cm^* (strong, unconju- 
gated l:eto group\ 1661 cm~^ (weak), 1624 
cm"^ (very we^) 1248 cm'^ (stroi^ and 
900 cm"' (strong). 

Example 18 

A scdution of 500 mgs of 17a - l^oxy - 
lumiprogesterone, produced as described in 
Esample 16, and 500 mgs of ^-ttduenesul- 
phonic add in a mixture of 5 nus of freshly 
distilled acetic anhydride and 25 mis <tf acedc 
add was kqpt at zoom temperature for 15 
hours. The acetic add had |)reviGusly been 
made free of water by refluxing with acetic 
anhydride, followed by fractionating. 

The dark-coloured reaction mixture was 
poured out in 200 mis of ivater and die xe- 



71.78% 

action product was dissolved in medijdene 
chloride. The extraa was, after the adiution 
of etber, washed su€cessi\^y with water, 5% 
bicarbonate soluti<m (three times) and water. 
By drying on sodium sulphate and evaporadng 35 
to dryness a crystalline residue was obtained, 
which was dissolved in edianoL Injection of 
diaoetate obtained as described in £xample 17 
caused a small quantity of this ester to crystal- 
lize at room temperature. Filtering after three 
hcurs yidded /5 mgs of diacetate with a 
mdting point of 205— -(sintering) — ^211"* G — 
214^ C. The filtrate was ^ghtly concentrated 
and crystallized at C Yldd 260 mgs of 
17(x) aoetoxy - lumiprogresterone formula 45 
XXXV) with a melting pcnnt of 162 (sintering) 
—167—172* C Two further recrystallisatitms 
caused the mdting point to be constant at 169 
(sintering— 171— 173' C 



40 



Bi'Sm^^-" 241.5 n;tt)=444 and 452. B 241.5 n^.«=: 16,700. 



cm 

Galculattd for QsBUD^: 

Found: 



C 74.16% H 8.66% 
C 73J81% H 8.69% 
C 73.88% H 8.68%. 



The infrared spectrum exhibited bands inter 
55 alia at 1724 cm" (strong, acetate ktto-groop), 
1707 cm"^ ^urly strong, unconjugated keb- 
group\ 1657 cm"^ (stnmg conjugated keto* 
group), 1611 cm'^ (fairly strong double bond), 
1256 cm"* and 871 aar\ 



af ter having been jyashed with water was dried 
t:> neutral reaction on Na^rSO^ and finally eva- 
porated to dryness, after which 1.25 gs of a 75 
lesinuous product was obtained. Tbt substance 
cculd not be caused to crystallize, even after 



60 



Example 19 
900 mgs of 17a - hydroxy - lumipro - 
gesterone^ obtained as described In Bxunple 
16 was sfaa&en for 15 hours In 20 mis of 



al 





• 


Itllt 







m 


TTT* 


[J 



65 of /Hxrfuene sulphonk add. Th^darfe-odooied 
reactUMi mixture was theoj after tiie addition 
of 20 mis of etiiand and 03 ml <tf oonoea- 
trated hydrochtoxic add, xcfiuxed fSor one 

iS was 



70 



mltm 



uvui^ afrer whidi 30 mis of 
added. Then in vocuo^ evaporaticMi to dryness 
was carried out and this residue was dksolved 
in methylene dilotide: The solution ol 



la. The neutral alumina was produced 
by suspending the commerdal produa for 6 
hours m boilu^ ethyl acetate and after filter- 
ing, drying at 1100*' (X After dution with 
bsDzene and evaporation of the duate 1.1 

gs of resin with b} (A„„. 241 mi»)=310 

was obtained. 

Ihe residue was diromatographed, after 
carefiil drying (for two hours at 60^ C 
at a pre^ure of 0.1 mm Hg) in petrdeum- 
^hsr,vi^iidi contained 5% of diethyl edier via 
25 gs of neutral alumina and dnat&d widi tht 
same mixture. 



80 



85 



90 



95 



100 



Mo. 
1 
2 
3 
4 
5 
6 
7 
8 



Bluaxe 
SO ml 
30 ml 
30 ml 
30 ml 
30 ml 
30 ml 
50 mi 
50 nd 



Weight 
68 mg 
438 mg 
117 mg 
121 mg 
27 mg 
16 mg 
11 mg 
6 mg 



Giystallisation with n-hezanc 

354 mg, melted after filtering 
83 mg, smpt (50)— 51— 54' C 
61 mff, snapt. 44—52*' C 
cx3fstajline 

J> 
«} 



929^71 

The crystaUizcd fractions 3 and 4 ediihited, 50—53" C. (weight SJ mgs). The 17-caiiroats 
after two recrystallisations a melting ptibt of cf 17. - hjdiz^hm^S^r^ 

(Formula XXXVI) ofaihited an B \ '^(A,,,, 242 m/0 of 388). 



Z5 



10 



15 



Calculated Uxt QTH4a04: 

Found: 

The mfrared spectrum had hands, inter alia, 
at J721 cm*"* (strong, keto-caproxy), 1709 
cm ' (sinmg, unconjugated Ixto group), 1664 
cm-' (strong, conjugated kcto^oup) and 1613 
cm'' (fairly strwig, double bon<l). 

Example 20 
In the manner described in Examples 18 
and 19 odier ac^lates are produced. For 
exampte are obtained: 17« - hydroxylumi - 
progesterone - 17rt - formate, 17« - hydroxy - 
lumiproeesterone - 17a - acetate, VJa - 
hydzoxylumiprogesterone - 17x - propionate, 
17a - nydrQ:igrlumiprogesterQne - 17« - buty - 
rate, 17« - hydrracylumiprogesterotte - 17« - « - 
methj^propionate, 17a - hydroxylumipro - 
gesterone - 17tr - valerate, 17a - hydroxy - 
Inmiprogesterotto - 17x - « - methyibutyrate, 
17a - hydroxy -lumiprogesterone 17« . - 
methyttmtyrate - 17x - hydroxylumipro • 
gesterone - 17a - a^roate, 17« - hycboxy - 
lumiprogestcrone - 17x - tot - butylacetate, 
17a - hydrozylumiprogesterone - 17« - tri - 
methylacetate, 17« - h3rdroxylumiprogesterone- 
17a - cydopentylcarbozylate, 17« - hydroxy - 
• lumiprogestcrone * 17« - cyclohexykarboxy * 
late, 17a - hydroxylumiprogesterone - 17* - o^ 
35 toluate, 17x - hydr^lumxprogesterone - 17a- 
monoglutarate, \i% - hydroxylumipro - 
gesterone - 17et - monodi^lycolate, 17a - 
hydroxylumiprogesterone - 11% - mono - /3 - 
methyl - g^utarate, 17a - hydroxylumipro - 
gesterone - VJri • hemisucdnate, 17a - 
hydroxylumiprogesterone - 17a - hemiadipate, 
17a - hydroxylumiprogesterone - 17a - aery - 
late, 17a - hydroxylumiprogesterone - 17* - 
crotonate, 17* - hydroxy - lomiprogesterone - 
17a « undecylcnate, 17« - hydrox^um^ro - 
gesterone - 17% • hemimaleate, V7x - hydroxy - 
lumiprogestcrone - 17<r - citraconate, 173i - 
hydroxylumiprogesterone - 17* - benzoate, 
17a - hydroxylumiproeesterone - 17x - ph^nyU 
50 acetate, 17« - hydroxyfumiprogesterone - 17a - 
phenylpropionate, 17a - hydroxylumipro - 



30 



40 



45 



^1 cm 



(Ab,,- 286 m/0=776 and 756. E 286 m/* 25.100. 



95 



The infrared spearum had bands, inter alia, 
at 3344 cm*' (strong hydroogrl group), 1667 
100 cm~^ (strong, unconjugated group) li>il cm~' 
fstrong, conjugated keio group), 1612 cm"' 
{strong, double bond), 1576 cm~' (fairly 



Calculated for CJij,0, (328.45) C 76.79'.-. H 8.59^>.. 

Found: C 76.38% H 8.61% 
C 76.64?; H 8,50%. 

strong, double bond), 873 cm~' (fairly strong, 
conjugated ksto group). 

Example 22 
A scludon cf 372 mgs of (1 mmol) of 17»- 
ccetoxylumiprogest^ronc, obtained as 



55 



60 



65 



70 



C 75.66?4 H 941% 
C 75.15% H 922% 
C 75.40% H 930%. 

psterone - 17a (ojn.p.) - toluate, 17« - 
hydroxylumiprogesterone - 17a - palmitate- 
17rt - hydroxylumiprogesterone - 17x - stearate, 
17a hydroxylunuprogesterone - 17a - oleate 
by causm^ the 17a - hydroxylumiprogesterone 
to react with the corresponding acid chlorides 
in the presence of p^idine or coHidine as 
an add oind^ and an mdiffecent sdvent, for 
example, benzene or petroleum ether. The 
reaction temperature was kept between 0 and 
ICC C, preferably between 15 and 35* C 
At a reaction temperature between 70 and 
100^ C, the reaction duration amounts be- 
tween 2 hours and 30 minutes. At a reaction 
temperature between 15 and 35^ C the dura- 
tion is from 25 to 10 hours. 

Example 21 
A solution cf 0.495 g of 13 mol 17a- 
hydroxylumiprogesterone, produced as des- 
cribsd in Example 16, iia 60 mis of tertiary 
butand was reflused under nitrogen with 0.74 
g (3 mmol) of chloranil. After 2 and 4 hours 
samples were taken and processed by pouring 
cut in water, dissolvms In mediylene ^oride- 
ether and washing wim W caustic soda soln- 
ticn and water. llie residues obtahied bv dry- 
ing on NacSOj and tfter fibmng and eva- 
poration to dryness, ekhibited an absoipdon 

maximum at A=286 mu with an B 

1 cm 

cf 2G3 and 462 respectively. 

After a reflux time of in total 7 hours the 
reaction mixture was processed as sated above 
and filtered in benzene via neutral alumina. 
180 mgs of crude substance was obtained. 85 
Crystallisation with a mixture of ethand- 
hesane at —5' a yielded 97 mgs vwrii a 
melting point cf 229---(sintering)— 239^244" 
C. Tv/o recrystallisations yielded finally 50 
rags of A** - dehydro - 17a . hydroxy-iumrao - 90 
gesterone (Formula XXXVII) witii a mdting 
point of 242^245* C (highrvacuum 243— 
245" C). 



75 



80 



105 



36 
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cribsd in Example 18, was refluzed in 40 mis 
of tertiary butanol under nitrogen, Ttidi 490 
mgs (2 mmol) of diloraniL After different re- 
Bcdoa times samples were t^m and pro- 
cessed as descdb^ in Example 21. Of die 
crude (^ydiogenation products obtained the 
ultraviolet spectres were determined; it was 
found diat after 11 hours of rsflnxing the 



at 286 s^tt had xken to 58S. Pro- 



cessing of die reaction misture in tot&I> 
after the caid time, yielded 152 mgs <tf resi- 
due, which was crystallized widi aoetooe and 
then rscrysmllizsd with a miztare oS acetone 
and hezane. At -5^ C, whilst . finally 32 
mgs of crystals of - dehydro - i7» - a ce - 
tozy - lumiprogesterone (Fonnnla XXXVm) 
was cbtamed wh a melting point of 181 — 
182* C 



IC 



^1 cm 



(kgaz 286 m.'0=622 and 633 E286 m/t= 23,200. 



20 



Calculated for OJEl^fi* (370.49): 

Found: 



The infrared spectrum had bands, inter alia, 



25 



at 1724 cm"** (strong, ketoacetate group), 
1704 cm'^ (strong, unomjugated Iceto groups 
1653 cm~* (strongs conjugated ketogroap), 
1625 cm'^ (&irly strong, double bond), l^S 
cm"' (fairly wool^ double bond) 1258 cm'' 
(strong, acetate group) and 878 cm**^ (strong 
30 conju^red keto group). 

Tl^ conipoimd was also obtained by esteti- 
fpng A® » dehydro - 17s - Ir^droxylumi^ • 
gesterone with ecedc azilrnitide in uie manner 
deosibed in Sample 18. 

35 Ez&MPLB 23 

In the manner described in Bzampk 22 
other acdates are produced. For example, 
- dehydrolumiprogesterone - 17« > fonnate, 
A* - delqrdrolmnipiogesterone - 17<i - acetate, 
40 A^ - de^drolunuprogestercme - 17s . pro - 
pionate (A^ - dehydrolumiprogesteroDe - 17« - 
butyrace) A' • dehj^drohmuprogesterone - 17x - 
a - mediylpropionat^ A' - dehydrolnm^no- 
gesterone * 17% - valerate, A* - dehydrolnmi - 
45 progestertme - 17a - « - ethylbn^xate;, A" - 
ddbidroiumipxogesteroQe - 17a - ^ - metlqd - 
bo^raiey A* - do^chdnm^ogesterone 17a - 
aqproafipy A' - delq^v&ohmdproBesKFOne - 17s- 
ten - bntylaoetate, A** - dfflydrolumipro - 
50 gesterone * 17« - tiimediyiaoetate, A^ - de - 
hydroiumiprogesterone - 17x - cjpdopsmj^ - 
carbonate, A** - dehydrduminroEestexone - 
17s - ^ohezyiaoBtate, A" - d^ydrcdumipro- 
gesterone - 17a - qrdohexyicarboaqrlate, A' - 
55 dehydrolumiprogesterone - 17a - o - t^uate, 
A" - dehydrolumiprogesierane - 17a - memo * 
g^utarate. A** - d^^drolumii»ogMef(me- 17a - 

iro - 



M(«llltjl 



(IIIIMM* 



60 



dlg^yoolate, A* - ddxydrdi 
gesterone - 17a - mono - /5 - methylgjutarate, 
A° - dehydrdumiprogesterone - 17s - hemi - 
saocanate. A" - dehydrolumi pr ogesterone - 
17x - hsmiadipat^ A* - dehydrohmupro - 
gesterone - 17a - acrylate, A° - dehydrmumi - 





le - J 











le - 17a - andecylenate, A* - 
ddijidrolumipro^escerone - 17^ - hemimaleate, 
A* - delndrolumit^gesterone - 17 - s-dtraco - 
nate^ A^ - defaydroluminprog|ssterone - 17a - 



C 7454% H 8.16?o 
C 73.85% H BASK 
C 73.75% H 8.16% 

benzoate, - dehydrolumii»ogesterone - 17s . 




15 



7C 



75 



8C 



dehydrclumiprogesterone - 17a - palmitate 
A° - delr^dnuumiprogesterone - 17' - stearate, 
A^-dd^drsltmiiprogcsterone - 17x - okate, 
by causmg the A" - dehydro - 17s - hydroxy - 
lumiprosesterone to react with the correspond- 
ing add chloride of the aforesaid compounds 
in the presence of pyridine or collidine as an 
add bmder and an indifferent solvent, for 
example benzene or petroleum ether. The re- 
action temperature is kept between 0 and 100"" 
C, preferably between 15"" and 35° C 

Example 24 

6 J £s of enamine, obtained as described in 8S 
Example 15c, (Formula XXIX) was dissolved 
in 321 mis of methyioie chlcxide whilst stir- 
ring at a temperature of —55^ C a solution 
of 2.77' gs of bromine in 34 mis of methylene 
diloride was dripped iiL The tempetatme was 9C 
then toiu^t to about 0"^ C, after whidi die 
reaction mixture was hyiko^enated Inr 
ngonmsly stirring for 2 hours wtih 403 mis 
of water. The methylene diloride solution was 
tiien sqiKuaced off, washedtwice wxdi 110 mis 9S 
of water and dried on Na^jSO.,. A solution of 
20 * hromo - 3 * keto - lumi -bis - nor - 
chela - 4.6 - diene - 22 - al (Formula 
XXXIX) was obtamed. 

To the sduttim of 20 - hromo - 3 • keto - 10 
lumi ^ bis ' nor - diola - 46 * triene « 22 - 
al in mediykQe diloride was added 133 mis 
of pyridine, after which the methylene diloride 
was distilled off m vacuo. Then 33 J mk of 
pyridine was added and heated first for one 10 
hour at 70° C and then for half an hour 
at 100° C The uridine was distilled off in 
vacuo and the resuiue was dissolved in methy- 
lene chloride. This solution was washed suc- 
cessively wid) 2N Inrdrochloric add, water, II 
sodium carbonate solutiosi and water. After 
drying over Ns^O^ the solution was eva* 

S orated and the residue (5.06 gs) was crystal- 
zed with 25 mis of acetone. After 
repeated ctystallisadon wtdi acetone pure 3 - 11 



teo-liind- 5m -iwTr-dx^ -4.6, 17 (20) - Mdting point 190—196 C Ultraviolet spec- 
twene - 22 - al (Fonnula XI) was obtained, trum in ethanol: one mflgtmiim at 281 mfi, 

5 B ]^ 1070. 

Calculated far CsHsjO. (524.46) :C 81.44% H 8.69% 

Found:C 81.63% H 8.51% 
C 81.52% H 8,60% 

I A . i^ed absorption spec^ mixture was diluted widi water and atracted 

^^^\Jif^ ^ /TSS^' ^^^^,??7 ^ emactioa layers 

(strong) 1616 an and 1574 cm"^ (fau-ly were adequately washed widi water, dried oa 45 

grong). when m the manner described in NaeS04 and, after filtering, evaporated to 

Emmide 16 the latter compound is epoxidized diyness. The lighthrown residue was dissolved 

wiA monoperphtiialic acid, an epoxyformate in a small quantity of dry thiophene-free bcn- 

€£ Formula XLI is obtained. Hydrogenation zene, chromatographied on MPo (IH) and 

ci flus cwnpound in the manner described in eluated with 60 mis of benzene. The lidit<- 50 

Example 16 with ethanolic aqueous NaOH yellow resin obtained after evaporation in 

solutiim at room temperature yields A" - de - vacuo tidsihited an ultraviolet absorption mns- 
hydro - 17a , hydroxylumiproeesterone (For- - . i <>i 

20 mulaXXXVD. When the3- keto-lumi. ^42 m/i. E J =209. (Weight 

Ws - mw - chola - 4.6 - 17 (20) - tricnc - 22 - 906 mgs). 

dJFormula XL) is converted into the cyan- The crystallisation with 10 mis of aoetone 55 

hydrm as described in Example Bb^ c and the + methanol (1 : 1) at 25° yidded 510 mgs <rf 

compound thus obtained is subjected to ozoni- solid substance with a melting point of 74— 

satKm, ako as described in Exan^es 3b or 82^ C (sintering at 70** C, dear melt at 

3c, ^ A - lumi . androstadiene 3,16 - dione lOO** C). By dissolving the substance in boil- 

of Fonmria XUI is obtamcd. After re- ing ethyl acetate and crystallizing the solution 60 

ductwn with LiAlH,, followed by oxidatkm at 20° C, a small quantity of the substance 
with manganese dioxide in CHCi, as described . 
30 b EaSe 4 or 5, A« - dehyd^!!I^^t€^- « 110-114* C. (B ^ 

aterone formula XX) is formed. 242 m.«=122) was obtained. The filtrate 

A 1^ ^r^^.^: yielded by cryst^ation at -25'' C 100 mgs 

A solimon of l g of isolumisterone, obtained of Ught-yellow needles widi a mdting point 65 

as described in Example la was dissolved in 82—84' C ReaystalHsation witii acetone + 

35 50 mis of dry dicdiyl ether whilst adequatdy methand (1+4) at -5* C yielded finally 

stirnng in tiie course of 10 minutes, added to 80 mgs of A*-** - lumistadiene - 3 - one 

a solution <^ 100 mgs of lithhim in 200 mis of (Fotmula XLIIQ witfi a mdting pomt of 

liquid ammonia at the boiling temperature of 88—^90** C 70 
the mixmre. During the addition a predpitate The substance had in the ultraviolet region 

40 IS formed. By dripping in anhydrous aloohol, no absorptiwL The infrared spectrum exhibited 

the excess quantity of lithium was decomposed a strong band at 1720 cm-* and a weaker band 

and after stirring for 6 mmutes the reaction at 962 cm'" [i]©— 61.3 in CHO,. 

75 Found: C 8428% H 10.96% 

C 84.33% H 1094*^ 
Calculated for Q^H^O: C 84!79% H 11.17%. 

Example 26 ^ . . The preparation of certain specific com- 

Thc compounds according to the invention pounds has been described in die foregoing 95 

may be processed in known manner to obtain specific description, wi& especial reference to 

pharmaceutic preparations, for example, tab- operations upon the side-diatn at the 17-posi- 

kxsy dragees, or Ejection liquids by mixing the tism in the steroid nudcus. It will be under- 

aubstances widi or dissolving or dispersing stood dmt widiin the scope of die invention, 

tiiai in solid or liquid diluents respectihrdy, odicr starting materials may be mpto^ and 100 

Smtablc tablets of lumiprogesterane may be odier known process steps incorporated, to ob- 

obtained, for example, by preparing a mixture tahi other products widiin die scope of die 

of the following composition: — appended daims, and more particularly to 

lumiprogestercne - - - 1 mg introduce in known manner or as described 

gelatin - - - - « 2.5 mg more fully above, odier different substituents in 105 

"^ctose - - - - - 220 mg various positions in the stcrad nucleus, which 

243 mg intrcductkn may be effected at a convenient 

magnesium stearaie - - 2.0 mg stage m the process. For exsm^ a A' double 

— bond may be mtroduced, as described in 

250 mg. Qiapter X, by sdective dehydrogenation using 110 
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habgenatiaa followed by ' dehydrohakgena- 
tksa: direa biochemical dd^diogenatian; 
jcdine penttsdde or iodk acid; or sdenium 
^f ftTi#iA or seleoic add. To introduce 2^b- 

5 sutueiKtB, zeactkm as described in Qiapter XI 
may be cffectsd, viz^ urith a dialkyl oxalate, 
followed by reaction with an alkyl balide to 
give a l-^i&yl sub^tuent, or with halogen as 
described in Oiapter IX of dze same to give a 

10 2-halo compomid conyenible by meazu of an 
acyiating agent into a 2-«ster compound whkh 
can further be saponified and e t hgrifi.*^d to give 
Z-OH and 2-ether compounds respectively. N- 
bzomc-sucdnimide or other acid N-halo-amide 

15 or -imide may be empk^d to effect allylic 
substitution yielding a 6-halo compound. 
WHAT WB CLAIM IS:— 

1. A compound having ±e general formula 
A shown in the aocompanjring drawings 

20 ^viierehi: — 

Ri rc]vesents h3rdrogen or a methyl group, 
Ri represents no double bonds or one or 
more double bonds at one or more of positions 
I, 2, 3, 4, 5. 6, 15 and 16, 
25 R, represents hydrogen, a methyl or ethyl 
group, or a hydroxy or etherified or esteiifisd 
hydroxy group, 

represents a kcto group or a hydroKy 
group or an echedfied or escerxfied hydroxy 
30 group, 

R3 represents hydrogen or a halogen atom, 
]^ rqjresents hydrogen, a halogen atom, 
a meth^ group, <3x a hydroxy or etherified 

or estenfied hydrosy group, 

35 Rr represents hydrogen or a halogen atom, 
Rfl represents hydzogen or a hydroxy or keto 

Rt xepresenta hydrogen or a saturated or 
unsaturated hydr oc arbtm. radical having £rom 

40 one to six carbon atoms or such radical in 
which one or more hydrogen atoms is or are 
replaced fay hydros groups, etherified or 
esterified hydros groups, and/or double- 
bonded oxygen atoms, and 

45 Rio represents hydrogen or a hydroxy or 
edierified or estenfied hydroxy group, R» and 
Rio being not both hymogen, or 

R9 and Kio tog^her represents a keto group 
and 

50 Ru represents lydrogcn or a hydroxy or 
ediedfied or esterified hydroxy group. 

2. A* compound as daimed in Claim 1 
wherein R« represents a saturated or unsatur- 
ated alkyi group having one to three carbon 

55 atoms or such group in which one or more 
hydrogen atoms is or are replaced by one or 
more hydroxy groups or etherified or esterified 
hydroxy groups and/or double-bonded oxygen 

atoms* * . ^ • n 

60 3. A compoimd as claimed in Qaim 2, 

^rixe^ein ^ represents an acet^ group. 
4. A compotmd as claimed in Qaim 2, 

wherdn Ro represents a hydroxyacetyl group 

or such group in which the hydroxy group is 
65 edierified or esterified. 
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5. A compound as claimed in Qaim 2, 
wherein Rg represents a mettqfl, ethyl« vinyl 
or ethln]^ group. 

6. A compsund as claimed in any one of 
Qaims 1, 2 and 5, wherein Rio repr esente a 
17iWiydroxy group or such group esterified 
with an aliphatic carboxylic add radical con- 
taining from one to eight carbon atoms or with 
an aromatic carboxylic add radical , and, R9 
represents a saturated or unsaturated hydro- 
carbcn radical having from one to six carbon 
atcms in the 17» position. 

7. A compound as claimed in Qaim 6 
having a 17i^ydroxyl group and/or a 3- 
hydrosgr group escerz&d with a pentane car- 
boxylic add or other alijdiatic carboxylic acid 
ccntaining from five to eight carbon atoms. 

8. A compound as claimed in Qaim 6 or 
Qaim 7, wherein Ro represents a 17«-hydro- 
carbon radical being a — C=CH, — CH= 
CH::, — CH,— CH„ — C=C-CH3, — CH= 
CH— CH3 or — CR:i-^CHj—CEli group. 

9. A compound as claimed in any one pre- 
ceding claim, wherein Ru Raj Rjf ^> Rr and 
Rii represent hydrogen and R* represents no 9" 
double bonds or one or more douMe bonds at 
one or more of positions 1, 3, 4^ S and 

6. 

10. A compound as claimed in any one of 
Qaims 1 to 8, wherem R.-., Ro and/or R, 9 
represent cash a finonne or a dilorine atom. 

11. A compound as claimed in any (me of 
Qahtts 1 to 10, wherein R^ represents one or 
mare doub!e bonds at one or more of posi- 
ttcns 1, 4, 5 and 3, R^ rqiresenting an etheri- 
fied or esterified hydroxy group when R^ 
represents or includes a A^-double bcmd. 

12. A compound as claimed in any one of 
Qaims 1 to ll* wherdn R^ represents two 
double bonds at positiois 1 and 4w 

13. A compound as claimed in any one of 
Qaims 1 ro 10, wherein Re represents two 
double bonds at positions 4 and 6. 

14. A compound as claimed in any one of 
pound of Formula ia which Re represents 11 
double bonds at positions 3 axid 5 and R4 
represents an cthoified or esterified hydroxy 
group. 

15. A compcimd as claimed in any one of 
Qaims 1 to 10, wherein R^ represents three 11 
double bonds at positifins 1, 4 and 6 or posi- 
tions 1, 3 and 5, K4 representing an etherified 

cr es^ified hydroxy group when a double 
bond is present. 

16. A compound as claimed in any one of U 
Qaims 1 to 9, wherein R^ represents no double 
bends and R^ a l^to group. 

17. A ccmpcund as claimed in any one of 
Qaims 1 to 11, wherein R:> represents one 
double bend at position 4 and R4 a keto 12 
group. 

18. A compound as claimed in any one of 
Claims 1 to 11, wherein represents one 
double bond at position 4 and % represents 
a hydroxy group. 
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19. A compound as daimcd in Qaim 12 
or uaim 13, ntodn R, represents a keu 
group. 

20. A compound as claimed in any one of 
Clauns 1 to 13, 15 to 17 and 19, being a 
comjgund of Formula T„ wherein to R, 
and to Rj, have the significance aforesaid 
and Alk represents a methyl or ethyl group, 

21. A compound as claimed m any one of 
Claims 1 to 12 and 15, being a compound of 
Formula S. in whkh R* represents, besides the 
A double bond, no cthit double bonds or 
one or more double bonds at one or more of 
posidoQs 4, 5, 6, 15 and 16. 

22. A compound as claimed in any one of 
Caaims 1 to 10, 13, and 15, being a com- 
pound of Formula Y= in which It represents 
besides the ami A« double bonds, no other 
double bands or one or more double bonds at 

20 one or more of positions 1, 15 and 16 R^ and 
Rc not being halogen atoms. 

23. A compound as claimed in any one of 
Claims 1, 2 and 4 or any one of Ckims 

otz ^ ® 1^ ^ appendant thereto, being a com- 
25 pound of Formula Z, in which R,i represents 

a hydros or etherified or esterified hydroxy 

group. 

24. A compound as claimed in any one of 
. _ CUims 1 tt> 6 and 8 to 23, wherein any 
30 hydroxy group present is edierified widi a 

lower aliphatic alcohol having from one to six 
carbon atoms, or with a mixed aliphatic 
aromatic akohoL 

25. A compound as daimed in any one of 
35 Claims 1 to 6 and 8 to 23, wherein any 

hydroxy group prescm is esterified with a satu- 
rated or unsaturated monobasic or dibasic ali- 
phatic or aromatic carboxylic add. 

26. Lumiprogesterone, being the comnound 
40 of Formula Vm. 

27. A^-dehydro-lumiprogesterone, being the 
oompoond of Formula XX^OIL 

28. 17«»-hydn)xy4umiproge8t€rone, being 
the compound of Formula XXXm. 

29. A 17-acy]ate of the compound daimed 
in Clatm 28. 

30. The 17<icetate of 17-»-hydroxy-]umi- 
pro^terone, being die compound of Fbrmula 

31. The 17-caproate of 17-at-hydroxy- 
lumiprogesterone, bdng the compound of 
Formula XXXVL 

32. A* - dehydro - 17* - hydroxy - lumi - 
^^^oone, being die compound of Formula 

33. A 17-acylate of the compound daimed 
in Claim 32. 

34. The 17-acetatc of A°-dehydro-17»- 

^™"P'?8^««i€. being ^ compound of 
60 Formula XXXVHI. 

35. Lumidesoxycortioostenme 21 - aoetat^ 
beii^ the compound of Formula XI. 

36. 21 - acylate of lumidesoxycorticosterone. 

37. Lumitestostercme, being the compound 
65 of Formula XVHL 
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38. A 17-acylate of the compound claimed 
in Claim 37. 

39. Lumitestosterone - 17i8 . . phenyl - 
^ionatcX bdng the compound <rf Fonnula 

40. A* . defaydrolumitestosterone, being the 
compound of Formula XX. 

. ^ ^^-J^^^te of the compound claimed 
m Qaun 40. 

• 42. A* - dehydrolumitestosterone - IIP - 
^icnate, being die compound of Formula 

43. I7x - ethinyl - lumitestosterone, being 
the compound of Formula XXn. 

44. A» - dehydrolumi^osterone, being the 
mpound of F<ranila XXIV. 

45. 2 - meth^^ - lumitestosterone, bdng die 
compound of Formula XXVI. 

4 ene - 3, 17 - di<Mie, 
mg the ccmpound of Formula XVI. 

47. Lnmiandrost - 4 - ene - 3, 17i8 - diol, 
beimj die compound of Formula XVn. 

48. A* " - himiandrostadiene - 3, 17 - dione, 
bemg the compound of Fonnula XLII 

^49. The 3, 17a - diacetoxy - 20 - teo - 

JliS'^S?^ *^ 

50. A method ci preparing a compound as 
dainud in Caaim 1 or any one of Qaims 9 
5 19 as appendant thereto, hi the formula 
of which compound R„ and R,a togedier tepre- 
sent a kcto-group, which mediod comprises 
oxidismg a compound of Formula J means 
of m oxidising agent capable of breakmg the 
double bond subsisting therein at the 17(20> 100 
position, in which Formula J, X represents a 
bivalent residue as shown in the accompanying 
drawings having rcsultantiy the same substi- 
tuents and double bond stractuie as the com- 
pound produced being a compound of For- 105 

^ Q represents a mc%l group 
and Q^* represents an aldel^ group or a 
cyanhydrin or bisulphite addition product de- 
rived therefrom or an O-agrlgroup, or 
'cp^^ts hydrogen and Q'^representa a 
"-COOR group in which R represents an ali- 
phatic hydrocarbon radical containiQg frm 
one to six carbon atoms. 

51. A mcAod of preparing a compound as 
clauTCd m Caaim 1 or any <me of Qaims 9 115 
to 19 as appendant dierem, in the formula of 
whidi compound R^ represents hydrogen and 
i^a hydroxy group or etherified or esterffied 
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Of a reducmg agent, capable of reducing 
ke^ to corresponding secondary alcohols, 
m ydiKh Formula K. X represents a bivalent 
residue as shown in the accompanying draw- 
ings havrng rcsultandy die same subsdtuents 125 
and double bond structure as the compound 
produced bemg a compound of formula L 
wherein R^ and Rio have the significance- 
aforesaid. 
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daimed in any one of Oaims 2 and 5 to 
8 or in any one of Qaims 9 to 19 as appsn* 
dant dieicto, in whidi compound Rg repre- 
sents a satnrated or unsatmated hydrocarbon 

5 radical containing from one to six carbon 
atoms and Rii represents a hydroxy or etherir 
fied or estezi&d hydroxy group, which method 
comprises reacting a conq>ouiid of Formula K 
with a metal aoetylide^ a Grignard reagent or 

10 equivalent organometallic compound capable 
of reacting with a keto-groop, in which For- 
mula K, X represents a bivalent residue as 
shown in die accompanying drawings having 
resultandy die same substituents and double 

15 bond structure as the compound produced 
being a compound of Formiila L wherein R9 
and Ro have die significance aforesaid. 

53. A mediod <£ prQ>aring a compound as 
claimed in any one of Claims 1 and 3 or any 

20 one of Claims 9 to 19 as appendant thereto 
in v^iich compotmd R, repr^ents an acetyl 
group and Rio hydrogen^ which method com- 
prises rmA\^r\ g a cciopound of Formula D 
by "tenrift of an osidbing agent capaUe of 

25 breaking the double bond snbsstinff dierem at 
the 20 (22) - position, in which rotmula D, 
X reiHesents a bivalent xesidae «s sIcOfon in the 
accompanying drawings having one 17-hydro- 
gen atom and resultandy the same other sub- 

30 sdtuents and double bond structure as the 
compound produced being a compound of 
Fonnula and is'hydrogen and Q*^ a 
secondary amine residue, and O-acyl group, 
or a Q to Co allgrl <xr phenyl groups or 

35 Q^^ and each represent such alkyl or 
phenyl group. 

54. A mediod of preparmg a compound 
as daimed in Claim 1 or Claim 4 or any 
one of Claims 9 to 19 as appendant diereto 

40 in the fomula of which compound Ro r^re- 
sents a hydroxyaoetyl group or an eth er f fie d 
or esterined h^drcnyacetyl group and Rio 
represents hydrogen, a hydros group, or an 
etiierified or estoified hydroxy group, which 

45 method comprises acylating a compound of 
Formula Z* wherein Ri to Rh, Rio sod Rn 
have resultandy the same significance and Kg 
represents a halogen atom, by reaction imder 
anhydrous amdidons with an alkali metal salt 

50 or alkaline earth metal salt <rf an organic car- 
boxylic add, followed if required by saponin 
fication and then if required edierification of 
the resulting free 21-hydioisy group. 

55. A mediod of preparing a compound as 
55 claimed in daim 1 or CUum 3, or any one 

of Qahns 9 to 19 as appendant thereto, in the 
formula of whkh ounpound R« represents an 
acetyl group and Bio a hydroxyl group which 
mgtffld c omp ri s e s reacting a compound of for- 
60 F"iln J with a per^idd and hydrolysing the 
resulting epoxy compomid of Fonmda M 
to obtain the product aforesaid being a com- 

rnd of Formula N, in which formulae J, 
and N, X repzesents a Uvalent residne 
65 as shown in the accompanying dravrings hav- 
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ing resultandy the same substituents and 
double bond structures, and, in Fornnda J, 
represents a m&tbyi groi^ and Q^ an 

aMdxyde group. 

56. A method of preparing a osmpama as 
claimed hi Oaun 21 which mediod comprkes 
subjecting to select A' * detgrjitoge natiim 
a compound of Fonnula Sj, wfaetem Re rejue- 
sents no double bonds or one or more dotnde 
b»ids at one or more of positions 4, 5, 6, 15 
and 16 and I^, Rs, and R:i to Ru have resul- 
tandy the same ^gnMcance^ said sdecdve de- 
hydrogenation being effected by direct halo- 
genation Mowed by abstraction of hydrogen 
hdide, or by sdective luochenucal A'sfdiydro- 
gcnation or by treatment with sf lmi i iin di- 
oxide or sdenic addg or widi iodine peotox^ 
or iodic add or substances generating die 
same during the reaction. 

57. A method of preparing a compound as 
dahned hi Oahn 20 which mediod con^rises 
subiecting a ccmtpound of fonnula Ti to con- 
densation with a dialkyl ester of oxalic add 
in ^ presence of an aftali metal hydride or 
dkndde or equivaknt oondensadon agent, to 
obtain a omdensation product dien converted 
to a compound of fonnula wherein Ru 
represents an BBqfl. group behig that present 
in the osalate ester, and reacting said product 
of Fonnula Ts with a methyl or eth^ halide 
Mowed by treatment with an alkali metal 
alkoxide, to obtain a product of Formula Tj, 
Rj, Rfi and R^ to Rj., in the formulae Ti, T* 
and T3 having re^tandy die same signi- 

ficances. ^ ™ 

58. A method of preparing a compoimd 
as claimed in Claim 22 which method comr 
prises subjecting a compound <3i Fonnula Yi 
to sdective A°-dehydrogenadon by reaction 
with chl<^anil or by hatogenating widi a re- 
agent capable of effecting halogen substitution 
at the allylic position in reladon to the exist- 
ing (A*) doul^e bond, and thereafter ddtydro- 
hakgenating in the presence of an add bmder, 
Ri to Rfl and Rj to Rm m formulae Ti and 
Ys having residtandy dibc same significance. 

'59. A method of preparing a compound as 
claimed in Oahn 23 whxdi method conipxises 
sul^ecting a comix)tmd of Formida 24 to re- 
acdon with lead tetn^^^te or to micro- 
biological hyihoxyiatini, Ri to R« and Ru and 
Rio in fonmda Zi having resultandy die same 
agnificance as in fonnula Zg being die formula 
of the product obtained, and diereafter if 
required ethei^ying or esterifying any &ee 120 
21-hydrozy group formed. 

60. A method as daimed in Qaim 51 
wherein the reduction is effected by means of a 
coropleig metal hydride, or with lithium and 
nTInT^ fwljfl^ or with alusdnium isopropylate, or 125 
widi an alkali metal and a lower aliphatic 
mono- or dihydric akohd containing one to 

six carbon atoms. 

61. A mediod as daimed in Claim 51 or 
Oahn 60 whidi iodudes die step of rein- 130 
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stating a 3-keto group reduced dunng die re- 
duction, by selective oxidation by means of 
m ang an ese dioxide at room teaq)eratuxe in an 
anhydrous medium. 

5 62. A method as claimed in any one of 
Claims 51, 60 and 61 which indudes the step 
of C5terifying the 17-hydroxy group drtained 
in the reduction, by means of an add an- 
hydride or acid halide. 

10 63. A method as claimed in Claim 60 for 
preparing the compound daimed in Oaim 47 
wherein the compound of Formula XVI is 
reduoed as aforesaid. 

64. A method as claimed in Oaim 61 for 
15 preparing the compound claimed in Oaim 37, 

which method comprises oxidising the ccHn- 
pound of Formula XVII as aforesaid 

65. A method as daimed in Oaim 62 for 
preparing the compound daimed in Qaim 

20 39 wherein the compound of Fdrmuk XVin 
is esterified into the llfi - 08 - phcnylpro - 
pionate). 

66. A method as claimed in Oaim 62 for 
preparing a compound as claimed in Qaim 

25 38 whopein the compound of Formula XVIII 
is esterified to the corresponding 17^-acyIate. 

67. A method as daimed in dakn 62 for 
preparing the compound claimed in Claim 42 
wherein the compound of Formula XX is 

30 esterified into the 17/^-prop:onate. 

68. A method as claimed in Qaim 62 for 
preparing^ a compound as daimed in Qaim 
41 wherein the compound ist Formula XX is 
esterified to the corresponding 17-acykte. 

35 69. A method as claimed in Qaim 52 
wherein the compound of Formula K is re- 
acted with a saturated or unsaturated alq>ha- 
tic Grignard compound containing I to 3 
carbon atoms, the MgHlg group being not 

•W bound to an unsaturated carbon atom, 

70. A method as claimed in Qaim 52 
wherein the compound of Formula K is re- 
acted with an acetylide of lithium^ sodium or 
potassium. 

45 71. A method as daimed in any one of 
Oaims 52, 69 and 70 wherein the compound 
of formula K contams a 3-keto group, which 
method indudes protecting such group by con- 
version into an enamine or glycolacetal. 
50 72. A method as claimed in Qaim 52 or 
Qaim 70 or Claim 71 wherein the compound 
of formula XVI is converted into the com- 
pound dauned in Qaim 43. 

73. A method as dahned in Qaim 54 com- 
prismg condensing a compound of Formula 
Zi with a dialkyl ester of oxalic add m die 
presence of an alkali metal alkoxide as conden- 
sation agent, and of a solvent, to obtain the 
corresponding compound of Formula Zio which 
is then reacted with mokailar halogen to 
obtxun, after decomposing die initial product 
of halogenation, the corresponding cQnq)ound 
of Formula Zs which is thcrerftcr reaaed as 
aforesaid. 

65 74. A method as claimed in Qaim 73 



55 



60 



wherein a 3-keto group is present in die for- 
mula Zt and the reaction is performed with 
equimolar quandties of the oomponnd of for- 
mula Zi and the oxalate ester. 

75. A method as daimed m Qaim 73 or 70 
Claim 74 wherein the oxakte ester if di- 
methyl or diethyl oxalate. 

76. A method as daimed in any one of 
Claims 73 to 75 wherein the condensation re- 
action is carried out at a temperature of bom 75 
15^ C to the boiliog temperature of the le* 
action mixture. 

77. A method as claimed in any <me of 
Qaims 73 to 76 wherein the halogenation is 
efifected by means of bromine or iodine in the 80 
presence of a solvent 

78. A method as daimed in Qaim 77 
wherein the said solvent is an aliphatic alcohol 
having one to six carbon atoms. 

79. A method as clain^d m any one of 85 
Claims 73 to 78 wherein dxe halogenation is 
effeaed at a temperature ot from —10 to 

— 20* C 

80. A method as daimed in any one of 
Claims 54 and 73 to 79 wherein the com- 90 
pound of formula 2, is acj^ted by means of 

an anhydrous dispersion of a sodium or potas- 
sium salt of the cacboxyhc add. 

81. A method as daimed in any one of 
Claims 73 to 80 wherein lumiprogesterone is 95 
converted to 21-iodo-lumiprograterone and 
thence to lumi-desoxycorticosterone acetate be- 
ing the compound claimed in Qaim 35. 

82. A method as claimed in Qann 56 
wherem die dehydrogenation is effeaed by re- 100 
acdon with seleaium dioxide or seknic acid 

in the pressnce of an a<)ueous organic solvent. 

83. A method as claimed m Qann 82 
wherein die solvent is an aqueous lower 

(Q I., tt) aliphadc alcohol. 105 

84. A mediod as daLmed in Qaim 82 or 
Claim 83 wherein the reaction is carried out 
in the presence of a tertiary alcohol 

85. A method as dain^ in Qaim 84 
wherein said tertiary alcohol is tertiary butand no 
or terdary amyl alcohol 

86. A method as daimed in any one of 
Clauns 82 to 85 whetem the reaction takes 
place in the presence of an organic or in- 
organic add. 

S7. A mediod as daimed in Qaim 86 
wherein the reaction is carried ont in die pre- 
sence of an aliphadc caiborylic add or a ben- 
zoic add. 

SS. A method as claimed in any one of 120 
Clau ns 56 and 82 to 87 wherdn lumitesto- 
scerone is converted into A' - dehytfaolumi - 
testosterone beu^ the compound daimed in 
Qaim 44. 

89. A method as daimed in Qaim 57 125 
wherein the condensadon is carried out in the 
presence of a lower aliphadc alcohol or an 
aliphadc or aromatic hydrocarbon as solvent 

90. A method as claimed in Qaim 57 or 
Qaim 89 wherein die condensation product 130 
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Jjiidally formed is converted into the com- 
pound of Formula Ts by treatment with add. 

91. A method as claimed in any one of 
Oaims 57, 89 and 90 ^uteein the oxalic add 

5 estec is dunsthyl or diediyl oxalate. 

92. A method as claimed in any one of 
Oaims 57 and 89 to 91 wherein the com- 
pound Formula Tu is reacted with methyl 
or etl^l bromide or iodide in the presatcs of 

10 an alkali metal carbonate or bicaibonate as 
condensation agent. 

93. A method as daimed m Claim 92 
wherein die reaction is carried out at a tem- 
perature betwen room temperature and die 

15 boiling tsmperatore of the reaction mizturs 
for a time ranging horn half an hour to forty- 
five houn. 

94v A method as dauned in any one of 
Qaans 57 and 90 to 93 vHicscm Inmitesto- 
20 sterone is c on verted in to 2-methyl Imnitssto- 
stecQoe being the compound daiined in Ckxm 
45. 

95. A method as daimed in Claun 58 
whicfa method comprises brommating the oom- 

25 pound of Formula Yi by means of N-brom- 
sucdnimide. 

96. A msdiod as daimed in Qaim 58 or 
Qaim 95 wherdn the halogenation piodua is 
ddtydxohalogenated by means of an organic 

30 or inoiganic base. 

97. A mediod as dahned in Claim 9d 
wherein the base is a tertiary amine. 

98. A mediod as daimed in Claim 9$ 
wherein dbe base is caldmn oxide or cakaum 

55 carbonate. 

99. Amsthod as daimed in Claim 58 which 
method comprises reactuig the confound of 
Formula Ti with chloranil in the presence of 
an aromatic or alii^nc hydrocarbon or a 

40 lower aliphatic aloohol containing one to six 

carbon atoms, as solvent 

ICO. A m^od as daimed in Qaim 58 or 

Claim 99 wherein the compound of Formula 

Yi is reacted with chloranil in the i^esenoe of 
45 a solvent having a boiling point exceeding 80^ 

C 

101. A method as daimed in Qaim 100 
wherein the reaction is conducted at a tem- 
perature of from 100 to 150° C 
50 102. A method as daimed in any one of 
Chums 58 and 95 to 101 wherdn lumitesto- 
stenme is converted into A" - dehydrolumi - 
testosterone being die compound daimed in 
Qaim 40. 

55 103. A method as daimed in any one of 
Oaims 58 and 95 to ICl wherein lumqano- 
gesterone is converted mto A* - ddxydn>-mmi« 
progesterone being the compound claimed in 
Qaim 27. 

60 104. A method as daimed in any one of 
Oahns 58 and 95 to 101 wheidn 17« - 
hydr oxy-l umip rogestMone is converted into A'- 
dcfaydro •* 17a - hydro^^-lumiprogesterane as 
claimed in Qaim 32. 

65 105. A method as dauned In any one of 



Claims 58 and 95 to ICl wherdn a 17a - 
acylozy-huniprogeaterone is converted into the 
cocreipondjig A* - cfchydro - 17a - acyloxy - 
lumiprogesterone, being a conqxnmd as 
dahned in Claim 33. «> 

1C5. A method as dauned hx any one of 
Claims 58 and 95 to ICl wherein 17a - ace - 
toxy-lumiprogesterone is converted into A* - 
dehydro - 172 - acetoxy-lumiprogesterose as 
dahned in Claun 34. . * 

1C7. A m:thod as dahned in Qaim 55 
whoein the compound of Formula J is re- 
acted with pennonophthalic add» peracetic 
acid, or paibenzoic add. 

1C3. A methsd as daimed in Qaun 55 80 
or Claun 1S7, vi^»m th£ reacdon with the 
per^d is conducted at a temperature of from 
C to 40' C ^ 

109. A method as daimed in any one of 
Clahns 55, 1C7 and ICS whersm, after dccom- 85 
pcsidon of any excess per-add, the eposy 
compound of Formula M is l^drolysid m an 
aUtauns or in an addle medium. 

lie A method as daimed in any one of 
Chunu 55 and 1C7 to 1C9 which mdudes the 90 
saep of esterifymg the 17 - hydroxy - ©roup 
in the compound of Formula N obtained by 
r^cticn ac a temperature of from 10 to 30^ 
C with an excess, for example thirty cquiva- 
lents, of the add chloride or anhydride of the 95 
de^d add. 

111. A method as daimed in any one of 
Oahns 55 and 1C7 to 109 whidi mdudes die 
step of estsrifying the compound of Formula 

N, produced, to obtam the corrcspondiog 3- 100 
enol, 17-diester by reaction with a large escezs, 
fcr example at least one hundred equival^ts, 
cf the add chloride or anhydride of die desired 
add, for a prolonged time;, for example from 
IC to 30 hours. 105 

112. A method as daimed in any one of 
Ciauns 55 and 107 to lC-9 whercm the com- 
pound daimed m Qaim 28 is obtamed fcom 
th; compound of Formula XIV. 

113. A mediod as claimed in Qaim 110 110 
wherein the compound claimed in Claim 30 

15 cbxamtd by esterification as aforesaid of 
173t-hydroxy-lumiprogestcrone. 

114. A method as daimed in Claun 110 
wherrin the compound claimed in Qaim 31 115 
is obtained by esterification of 17x - hydroxy- 
lumiprogesterone as aforesaid. 

115. A method as daimed in Qaim 110 
wherem the compound claimed in Qaun 34 is 
obtained by esterification as aforesaid of A* - 120 
dehydro - 17% - hydrozy-hrniiprogesterone. 

115. A method as dauned in Qaun 111 
wherein the compound daimed in Cteun 49 
is obtained by esterificsdon as aforesaid of 
17x - hydrohnniprogestmne. 125 

117. A method as daimed in Qatm 55 or 
any cme of Qauns 107 to 11$» or Qaun 
50 or anyone of Clahns 51, 52, and 60 to 72, 
whidi method comprises dehydrobrominatmg 
a compound of Fcnooula G wherem the residue 130 
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X has resultantly the same substituents and 
double bond structure as in tb: final pio- 
duct, the dehydrobfomination being effected 
with the aid of a basically-reacting inorganic 
or organic compound, and yielding a product 
of Fcmnula J wnerein rcprsscnts a methyl 
group and an alddyde groups and there- 
after reacting said compound of Formula 
J or the cyanhjrdrin or bisulphite addition 
compound thereof, as aforesaid to produce 
a pn)dua of Formula N or of Formula K or 
cf Fonuula L therefrom. 

118. A mediod as claimed in Oaim 117 
whsrein the dehydrobfomination is effected by 
means (tf a metal oxide or hydroxide such as 
calcium^ or barium oxide or hydnndde or 
magnesium oxide, or by means of a lerdary 
organic nitrogen base, or, except a 3-teo 
group be present, hj means of a primary or 
secondary organic mtrogen basi. 

119. A method as claimed in Claim 118 
wherein the dehydrobromination is effected by 
means of pyridine. 

120. A method as claimed in Claim 117 or 
any axis of Claims 118 and 119. which method 
comprises adding bromine to an wiflming of 
Formula D to obtain a compound of Formula 
F, hydrolysing the latter to obtain a compound 
of Formula 6, and thereafter further re- 
acting the latter as aforesaid. 

121. A method as claimed in any one of 
Clainis 117 to 119 which method comprises 
brominating a compound of Formula C being 
an aldelsyds, by means of elemental bromine, 
to obtain a compound of Formula G whidh is 
thereafter reaaed as aforesaid. 

121 A mediod as claimed in Qaim 121 
wherein the bromination is effected under ex- 
posure to light catalydcally accelerating the 
reaction. 

123. A method as claimed in Claim 121 
or Qaim 122 wherein the brom-inadon is 
effected in the pcessnce of an HBr-acceptor. 

124. A method as claimed in any one of 
Claims 121 to 123 wherein the bromination 
is carried out at a temperature of from 20 to 
30' C 

125. A method as claimed in any one of 
Claims 121 to 124 wherein the brominadon 
28 carried out with exclusion of oxygen. 

126. A method as claimed in Qaim 120 
wherein the bromination of the cnamine of 
Formula D is carried out at a temperature of 
from -55 to O'* C 

127. A method as dalmcd in Claim 120 or 
Qaim 126 wherein the compound of Formula 
F is hydrolysed by dissolvmg in an organic 
solvent, diluting with water, and maintaining 
at a tcmcratuie of from 10 to 30^ C for a 
period of from one to five hours. 

128. A method as dahned in Qedm 50 or 
ai^ one of Claims 51, 52 and 60 to 72, which 
mediod comprises condensing a compound of 
Formula E widi a diaBcyl ester of oxalic add 
by the method spedied in any one oi raat'm^ 
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^AvuuwL *Ai Oil auvoxa lucuium lU uiTuilll a com- 
pound of formula J, and ther-nfcer reacting the 
latter as aforesaid to obtain a product of 70 
Formula K or of Formula L therefrom. 

129. A method as claimed in Qaim 50 or 
any one of Qaims 51, 52, and 60 to 72; 
which method comprises acylating a compound 

of Formula B by means of isopropenyl acetate 75 
or other acylate to form an enol-acylate of 
Formula H, subjecting the same to catalytic 
double-bond stah to form the compound of 
Formula J, and thereafter further reacting the 
last as aforesaid to obtain a produa of For- W 
mula K or of Formula L there&om. 

130. A method as claimed in Qaim 129 
wherein the acylation is effected in the pre- 
sence of concentrated sulphuric add as cwalyst 

131. A method as chumed in Qaim 129 or 
Qaim 130 wherein the double-bond shift is 
effeaed in the presence of p-toluene sulphonic 
acid as catalyst. 

132. A method as claimed in Qaim 131 
wherein the said catalyst is piresent in solu- 90 
tion in acetic anhydride. 

133. A method as claimed in any <me of 
Clums 129 to 132 wherein the compound of 
formula E contains an enoh'sable system com- 
prisfa^ a 3-loeto group in combination with 95 
a doi^le bond or bonds at positions 1 or 4 

or positions 4 and 6, or other enoUs^le group 
in Ring A, winch method mdudes the step of 
reconverting the enoHsadon ^ected at such 
groi^ to the original group by iodinatmg the 100 
enohsation product with iodosuccuiimide in a 
solvent, and thereafter diodinating with sodium 
bisu^)hite. 

134. A method as claimed in Qaun 53 or 
Qaim 120 or any succeeding daun appendant 105 
thereto, which method comprises reacthig a 
compound <tf Formula C bemg an aldyefayde, 

representing hydrogen, with a secondary 
amine with elimination of water ts> form an 
enamme of Formula D in which Q'^ zepre- 110 
sems a sccradary amine residue and Q'' 
represents hydrogen, and thereafter further 
reacdng the said enamine as aforesaid, X 
having the same resultant significance in the 
formulae C and D and the final product 115 

135. A method as claimed in Qaun 134 
wherein the reaction with die secondary amine 
takes place at a temperature of ham 25 to 
150^ C 

135. A method as claimed m Qaim 134 120 
or Qaim 135 wherein the reaction with the 
secondary amine is conducted in die presesKse 
of a solvent capable of removipg waiter by 
azeotropic distillation. 

137. A method as daimed in any one of 125 
Claims 134 to 136 wherein the compound of 
Formula C contains a 3-keto-A*-sy5tem and 

the reaction is conducted with equinnlar quan- 
tities of said compound and the mine. 

138. A method as daimed in any one of 130 



Claims 134 to 137 wherem amine is a 
dialk^- or dialkanolamine having from one 
to six carbon atoms in each nydrocaxbon 
radical. 

5 139. A method as daimed in any one cxf 
Claims 134 to B7 wherein die amine is a 
saturated cydic secondary amine. 

140. A method as daioied in Claim 139 
wherein the annne is piperidine. 

10 141. A method as claimed in any one of 
Claims 134 to 140 wherein die reaction widi 
die amine is carried cut at a temperature of 
horn 40 to 110"* C 

142. A method as dahned ui Claim 53 or 
15 any one f^^^^^^^^'^g daim appendant thereto 

whidi mediod comprises reactmg a compotmd 
of formula C bdng an alddiyde, repre- 
senting hydrogen, with a carfaoryUc addhdide 
or an^^de with diminatton of water in the 

20 presence of an alkali metal sab of the same 
add, or of pyridine, to form an emd-acykte 
of Fonmila D, and thereafter further reacting 
die latter as aforesaid, X having resuhant^ 
the same significance in the formulae C and 

25 D and of the final product 

143. A method as daimed in Claim 142 
wherein the said compound of formula C is 
reacted with acetic ualnydride in the presence 
of sodium acetate. 

30 144. A method as claimed in Qaim 142 or 
Claim 143 wherein the reaction is conducted 
at a temperature of from 30 to 110° C 

145. A method as claimed in Qaim 53 or 
any ytcyo^Htng daim appendent thereto, which 

35 method comprises reacting an aldehyde of 
R)nnula Q ff" representing hydrogen, with 
a phen^ or ukyl Grignard reagent to obtain 
a com pou nd of formula D wherein rqne- 
sents such phenyl or alkyl group and 

40 hydrogen, and thereafter further rea ct ing the 
compound of formula D producec^ as afore^ 
said. 

146. A mediod as claimed in Qahn 145 
wherein tlie compound of Formula C is re- 

45 acted with an tokyl Grignard reagent con- 
taining from one to six carbon atoms. 

147. A method as claimed in Qaim 145 or 
Qaim 146 wherein the intermediatsly-fonned 
— ONfgX compound (X being halogsn) is de- 

50 composed in a neutru or weakly adcHc, pr&- 
ferabty aqueous, medinm. 

14Sw A method as dauned in Gbum 53 or 
any succeeding daim appendant dterem ^ch 
mediod comprises reacdng a ccmipound of 

55 Formnla C being an es«er, Q"' re|)resendng 
an alkoxyl group containing one to six carbon 
atoms, widi a phoqd or alkyl Gtignaxd re- 
agent, decompomQg the intermediate Grignard 
additk)n prodDC^ ddiydrating die xesoldng 

60 hydroxy compound to form a compound of 
Formula D wiwxein and both rqne- 
sent phenyl or alkyi groups, and thereafter re- 
acting dim said compound of Formula D fur- 
ther aa aforesaid. 

65 149. A mediod as daimed in Oatm 148 



wherem the intermediate addition product is 
deocm^osed with water or an aqueous acidic 
mednmL 

150. A method as daimed m Qaim 148 or 
Qaim 149 wherein the dehydration' of the said 70 
hydroxy compound is effected by distilling to 
dryness, if necessary in the presence of a de- 
hydrating agent 

151. A mediod as daimed in Claim 53 or 
any one succeeding daim appendant thereto 75 
whidi method comprises reactmg a compound 

ii formula C being an add halidhs, repre- 
senting dilorins or bromine, with diphenyl- 
cadmium or with a anc Grignard reagent, for 
esample C^Jhsa, to produce an mterme- 80 
diate ketone, reacting the latter with a f^enyl- 
or alkyl-magnesium Grignard reagent, de- 
Gomporing the resulting Grignard addition 
compound in an aqueous medium, dehydrating 
the product to obtain a compound of formula 85 
D wherein <^ and Q'^ eadi represent an alkyl 
oc a phenyl groi^^ and thereafter further 
reacting the last as aforesaid. 

152^ A method as claimed in any one of 
Claims 134 to 145 whidi method compri^ 90 
oxidising a compound of Formula B wherein 
(y and Q° represent lower aliphatic hydro- 
carbon radicals each containing ons to six 
carbon atoms, or Q' represents such radical 
and Q^' hydrogen. ^ 

153. A method as claimed in any one of 
Qaims 50, 53 and 152 wherein the oxidadon 
is carried out means of chromium trioxide, 
sodium-, potassium-, or ammonium bichro- 
mate, or potassium permanganate. 100 

154. A mediod as daimed In any one of 
Qaims 50, 53 and 152, wherein the oxidation 
is effected by means of ozone to form an 
czonade whidb is subsequently decomposed. 

155. The mediod as claimal in Qaun 154 105 
wherdn the ozonidc formed is deoHnpossd 
reducdvely by means of zinc dust in acetic 
add or iron powdec in sulphuric add to form 

an alddiyde. 

156. A mediod as daimed in Qaim 154 110 
wherein the ozonide formed is decomposed 
reducdvely by means of an aliphatic or aro- 
nuatic aldehyde to form an alddiyde. 

157. A mediod aa daimed in any one of 
Qamis 154 to 156 wherein the oxidation b 115 
effected at a temperature of from —100'' 

to +30' C 

158. A mediod as daimed m Claim 157 
vrtierein the oxidation temperature does not 
exceed +10^ C 120 

159. A method as daimed in Qaim 153 
vtiierdn the oxidation temperature is from 
-20 vo +W C 

160. A method as daimed in Qaim 159 
wherein the oxidation temperature is from 125 
-10 to +30^ C 

161. A method as claimed in any one of 
Qaims 153 and 159 and 160 wherem the oxi- 
dation is effected in an add medhun. 

162. A method of preparing a compound 130 
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as claimed in Claim 1 substantially as hsrdn- 
bcforc described with reference to any one of 
the foregoing specific examples. 

163, A compound as claimed in Claim 1 
when jproduced by the method claimed in any 
one of Claims 50 to 162. 

164. A pharmaceutical preparation com- 
prising a compound as clamied in any one 



of Claims 1 to 49 and 163, mixed with or 
dissolved or dispersed in a solid or liquid 
exdpient. 

T. D. THREABGOLD, 
Chanercd Patent Agent, 
Century House, Shaftesbury Avenue, 
London, W.C2. 
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